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Want to see a pinhead— 
47 feet wide? 


The head of a pin would appear about 47 feet wide if 
examined under this instrument. It’s an electron probe 
microanalyzer—the first to be used industrially in this 
country. U. S. Steel research teams use it to get a better 
look at the microstructure of new types of steel. In this 
way, they gather more information about the factors 
affecting steel quality and performance. 

Research like this is typical of U. S. Steel’s leadership 
in the production of better steels for the wonder products 


of tomorrow. 
USS is a registered trademark 


(iss) United States Steel 
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The distance between your college education and a bright 
engineering future at Bendix is measured entirely by your 
talent and ambition. Fine opportunities await able young 
engineers at the many growing Bendix divisions located 
throughout the country. Investigate Bendix career oppor- 
tunities in such fields as electronics, electromechanics, 
ultrasonics, systems, computers, automation and controls, 


A thousand products 


radar, nucleonics, combustion, air navigation, hydraulics, 
instrumentation, propulsion, metallurgy, communica- 
tions, carburetion, solid-state physics, aerophysics and 
structures. Contact your placement director regarding 
Bendix and interview dates, or write Director of Univer- 
sity and Scientific Relations, Bendix Aviation Corporation, 
1108 Fisher Building, Detroit 2, Michigan. 


a million ideas 


_ AVIATION CORPORATION 
Fisher Bidg., Detroit 2, Mich. 
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Benjamin Franklin...on science and humanity 


“The rapid progress true science now makes, occasions 
my regretting sometimes that | was born so soon. It is 
impossible to imagine the height to which may be 
carried, in a thousand years, the power of man over 
matter. We may perhaps learn to deprive large masses 
of their gravity, and give them absolute levity, for the 
sake of easy transport. Agriculture may diminish its 
labor and double its produce; all diseases may by sure 


means be prevented or cured, not excepting even that 
of old age, and our lives lengthened at pleasure even 
beyond the antediluvian standard. O that moral science 
were in as fair a way of improvement, that men would 
cease to be wolves to one another, and that human beings 
would at length learn what they now improperly call 
humanity 

~ Letter to Joseph Priestley, February 8, 1780 


THE RAND CORPORATION, SANTA MONICA, CALIFORNIA 


A nonprofit organization engaged in research on problems related to national security and the public interest 
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Why diversification makes 


halaman of effort makes for versatility—and ver- 
satility pays off in business as well as on the athletic 
field. We’ve found that to be especially true here at Koppers. 
Koppers is a widely diversified company—actively en- 
gaged in the research and production of a wide range of re- 
lated and seemingly unrelated products, such as remarkable 
new plastics, jet-engine sound control, wood preservatives, 
steel mill processes, dyestuffs, electrostatic precipitators, coal 
tar chemicals, anti-oxidants and innumerable others. 
Because we are diversified, our work is interesting. Through 
a system of lateral movement, our engineers and manage- 
ment personnel are given the opportunity to learn many of 
the diverse operations at Koppers. The result? Versatility. 
While you are moving laterally at Koppers, you are also 
moving up. Your responsibilities are increased. Your ability 
is evaluated and re-evaluated. And you are compensated 
accordingly. 
You don’t have to be with Koppers for 20 years before you 
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a better all-around man 


get somewhere. If you have ability, ideas, spark—you'll move 
ahead, regardless of seniority or tenure. 

At Koppers, you'll stand on your own two feet. You'll get 
responsibility, but you'll also have free rein to do the job the 
way you think it should be done. No one will get in your way. 

Koppers is a well-established company—a leader in many 
fields. Yet, it’s a forward-looking company, a young man’s 
company. Perhaps, your company. 

Why not find out? Write to the Manager of Manpower 
Planning, Koppers Company, Inc., Pittsburgh 19, Pennsyl- 
vania. Or, see your College Placement Director and arrange 
an appointment with a Koppers representative for the next 
recruiting visit. 


KOPPERS 


KOPPERS 
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from 
Deep space to 


Ocean floor 


Vought offers this range 
to the young engineer 


At Chance Vought the engineer's assign- 
ments range from the depths of the ocean to 
the farthest reaches of space ... from hard- 
ware operating aboard the Navy's nuclear- 
armed submarines to space research vehicles 
still on the boards. 


Here the engineer contributes to projects 
such as the record-smashing Crusader jet 
fighter series...the Regulus missiles... 
and advanced weapons, details of which are 
still classified. 


Under the guidance of the Vought engi- 
neer, such weapons take shape. He super- 
vises critical tests, and he introduces the 
weapons to the men with whom they 


will serve. 


Engineers with many specialties share these 
experiences. Today, for example, Vought is 
at work on important projects involving: 


SPACECRAFT AND ASTRONAUTICS 
ADVANCED PROPULSION METHODS 
ELECTRONICS DESIGN AND MANUFACTURE 
ANTISUBMARINE WARFARE 


Vought’s excellent R&D facilities help the 
engineer through unexplored areas. And by 
teaming up with other specialists against 
mutual challenges, the Vought engineer 
learns new fields while advancing in his own. 


Would you like to know what men with 
your training are doing at Vought... what 
you can expect of a Vought career? 


For full information, see our representative 
during his next campus visit. 


Or write directly to: 
C. A. Besio 
Supervisor, Engineering Personnel 
Dept. CM-12 


UGHT ARCRAKFT 


INCORPORATE 4448. 


CHANCE 
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Vought Vocabulary 


mis’sile-ry its pioneers are young... 


its future big at Vought 


Young engineers find in missiles the fast-breaking, 
pace-setting assignments they like. At Chance Vought, 
missiles also offer the added environmental challenges 
of sea and space. 

Vought’s first space research vehicles — missiles of 
a very high order — are in preliminary design. Nuclear- 
propelled pilotless weapons are under study. And 
Regulus II, Vought’s nuclear-armed supersonic sharp- 
shooter is aboard Fleet submarines, demonstrating its 
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rifle accuracy at bomber ranges. 

Behind these weapons is a rich store of thirteen 
years’ missile knowledge...an unmatched history of 
missile hardware. Vought’s Regulus I, now on duty 
with both Fleets, has been operational with the Navy 
since 1955. 


CHANCE 
OUGHT AIRCRAFT 
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SCIENTISTS ENGINEERS 


al every altitude 


where vehicles now fly 
Or meh dream of 
them... 


REPUBLIC AVIATION OFFERS 
YOUNG ENGINEERS & SCIENTISTS 
OPPORTUNITY ON MANY 
VITAL PROJECTS 


Diversified Programs in Missiles, Advanced Aircraft and 
Space Technology Are Now Progressing Under Republic’s 
New $35 Million Research & Development Program 


1,000 TO 100,000 MILES 
CISLUNAR SPACE 


300 TO 1,000 MILES 
EXOSPHERE 


50 TO 300 MILES 
THERMOSPHERE 


These programs are exciting the imagination of scientific and military 
minds, and extend across the known parameters of flight and beyond — 
at every altitude, attitude and regime. Republic—a pioneer in aero- 


aT nautics and now a leader in the exciting fields of rocketry and space 
rt studies — has opportunities for young engineers & scientists in the fol- 
8 lowing areas: 
ru 
2 @ Space Vehicles and © Upper Atmosphere Research 
Equipment ¢ Reconnaissance, Detection 
@ Missiles and Rockets and Armament Systems 
e Advanced Manned Bombers, 
VTOL & STOL Aircraft, 
capons tor Upper Atmos- Supersonic Transports 


dS ti 
phere and Space Uperations ¢ Target Drones, Bombing 


© Advanced Electronic Systems Training Devices 


SEE THE TOTAL SYSTEMS PICTURE— Republic is a 
prime systems contractor where young men see their 
work fitted into the total system. Communicating and 
collaborating with men well-versed in varied technolo- 
gies gives recent graduates the competence and broad- 
based experience that prepares them for increased 
professional responsibilities. 


10 TO 16 MILES 
STRATOSPHERE 


Look into Republic’s Individualized Orientation Program for 
the Recent Graduate. See your Placement Director for a copy of 
Republic’s new brochure, or — 


EARTH TO 10 MILES 
TROPOSPHERE 


Address Mr. George R. Hickman, Engineering Employment Manager 
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FARMINGDALE, LONG ISLAND, NEW YORK 
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Samuel Zimmerman joined Westinghouse in 1955 
— now developing missile guidance system 


At 27, Samuel E. Zimmerman, a 1955 BSEE graduate 
of the University of North Dakota, is already well on 
his way in an exciting career in defense electronics. 
Now at work in the Electronics Division in Baltimore 
on the ground guidance and control system for the 
advanced BOMARC missile, he’s principally concerned 
with the development of special purpose computers 
and helped to design the error detection and logic sys- 
tems for a new transistorized computer-tracker. 

Most important, Samuel Zimmerman is doing exactly 
what he wants to be doing. Since completion of the West- 
inghouse Student Training Course, he has submitted 
four patent disclosures, one of which resulted in a 
cash award; and he’s now preparing two more. In addi- 
tion, he has completed a year of graduate work on wave 
theory and analog computers toward a Master of 
Science degree at the University of Maryland under 
the Westinghouse Graduate Study Program. 

Samuel Zimmerman is one of many talented young 
engineers who are finding rewarding careers with 


Westinghouse. You can, too, if you’ve got ambition 
and you’re a man of exceptional ability. Our broad 
product line and decentralized operations provide a 
diversity of challenging opportunities for talented 
engineers. Guided missile controls, atomic power, auto- 
mation, radar, semiconductors, and large power equip- 
ment are only a few of the fascinating career fields to 
be found at Westinghouse. 

Why not find out now about the opportunities for 
you at Westinghouse? Write to Mr. L. H. Noggle, West- 
inghouse Educational Center, Ardmore & Brinton 
Roads, Pittsburgh 21, Pennsylvania. 


you CAN BE SURE...1F ITS 


Westinghouse 


WATCH “WESTINGHOUSE LUCILLE BALL - DESI ARNAZ SHOWS” 
CBS TV MONDAYS 
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| Westinghouse is the best place for talented engineers :, 
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On the right, shown following through on pre-flight 


checkout: Hydraulics Design Engineer Curt Coderre, 
at 28, responsible for vital systems of the USAF T-38. 


Curt (BSME, UCLA, 


‘53) joined Northrop Division 
during the summer between his junior and senior 
years, stayed on to become a Northrop 5-year man. 


YOUNG ENGINEERS CREATE NEWS AT NORTHROP! 


Youthful engineers and scientists discover an ideal, crea- 
tive work climate when they join Northrop—a growing 
organization headed by aggressive, forward-thinking 
management. Northrop’s new, dynamic and diversified 
corporate structure consists of three autonomous divi- 
sions —all located in Southern California, all managed 
by men avidly receptive to fresh ideas. 

For the next two minutes, assume that you can qualify 
to join us—that you’re a man who wants to create to- 
morrow’s headlines. 


You'll choose to join the Division offering greatest chal- 
lenge for your own special talents, making your choice 
from the more than 30 different operational fields in 
which we're actively exploring the future. 


You'll earn top money, within a salary structure outstand- 
ing in the industry. Increases will come as soon and as 
often as you earn them, based on your own individual 
achievement. Fringe benefits include a uniquely liberal 
vacation policy, among many others. 


You'll work with recognized leaders in their fields—highly 
creative men-—fellow engineers especially skilled in de- 
veloping the talents of younger men. In addition, they 
operate on the sound principle of delegating their author- 
ity, assuring you credit for engineering triumphs. 

You'll learn while you earn, with no-cost and low-cost 
educational! opportunities at leading Southern California 
institutions—earn advanced degrees and keep abreast of 
latest technological advances in your chosen field. 

So, check these facts on Northrop’s three Divisions—see 
which most closely fits your own interests. 
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NORTHROP DIVISION 


Creators of the USAF Snark SM-62, now 
operational with SAC. Currently active in 
programs for the ballistic recovery of orbiting 
man; flight-testing USAF-Northrop T-38, and 
readying Northrop’s N-156F NATO-SEATO 
counterair fighter for flight tests. 


RADIOPLANE DIVISION 


Creator of the world’s first drone family; has 
produced and delivered tens of thousands of 
drones for all the U.S. Armed Forces. Now 
developing ultra-advanced target drone 
i , systems for weapon evaluation, surveillance 

“~*~ drone systems, and guided missile systems. 


NORTRONICS DIVISION 


Pioneers in celestial and inertial guidance. At 
Hawthorne: exploring infrared applications, 
airborne digital computers and interplan- 
etary navigation. At Anaheim: developing 
ground support, optical and electro-mechani- 
cal equipment, and data-processing devices. 


WRITE TODAY for complete information on Northrop and all 
three of its Divisions to: Engineering & Scientific Personnel 
Placement Office, Northrop, P.O. Box 1525, Beverly Hills, 
California. 


NORTHROP, Beverly Hills, California 
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MICROWAVE RESEARCH 


The expanding role of electronic equipment in 
modern military operations has given high pri- 
ority to microwave research. No field today offers 
greater challenge to the scientist and engineer. 

In support of current electronic countermeas- 
ures programs and in anticipation of future 
systems requirements, Ramo-Wooldridge Divi- 
sion is engaged in microwave research to develop 
new techniques and to refine conventional com- 
ponents. 

Research is under way at Ramo-Wooldridge 
for new methods and new designs to reduce sub- 
stantially the over-all size, weight and complexity 
of electronic equipment for both airborne and 
ground-based uses. 

For example, the low-loss delay line in the 
photograph above was designed, developed and 
manufactured by Ramo-Wooldridge for use in 
airborne equipment. Packaged for use in the 
system for which it was designed, this miniature 


ceramic unit weighs less than two pounds. It re- 
places a component which weighed more than 
twenty pounds and occupied more than five 
times as much volume. 

Special opportunities exist for those with 
qualified experience in microwave research—in 
technique evaluation, component development, 
and design of such systems equipment—at 
Ramo-Wooldridge. 

Engineers and scientists are invited to explore 
openings at Ramo-Wooldridge in: 

Electronic Reconnaissance and 
Countermeasure Systems 

Infrared Systems 

Analog and Digital Computers 

Air Navigation and Traffic Control 

Antisubmarine Warfare 

Electronic Language Translation 

Information Processing Systems 

Advanced Radio and Wireline Communications 

Missile Electronics Systems 


RAMO-WOOLDRIDGE 


P.O. BOX 90534 AIRPORT STATION * LOS ANGELES 45, CALIFORNIA 


a division of Thompson Ramo Wooldridge Inc. 
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Why Lockheed — 


Lockheed’s leadership in aircraft is continuing in missiles. The Missile 
Systems Division is one of the largest in the industry and its reputation 
is attested by the number of high-priority, long-term projects it holds: 
the Polaris IRBM, Earth Satellite, Kingfisher (Q-5) and the X-7. 

To carry out such complex projects, the frontiers of technology in all 
areas must be expanded. Lockheed’s laboratories at Sunnyvale and 

Palo Alto, California, provide the most advanced equipment for research 
and development, including complete test facilities and one of the 

most up-to-date computing centers in the nation. Employee benefits 

are among the best in the industry. 

For those who qualify and desire to continue their education, the 
Graduate Study Program enables them to obtain M.S. or Ph.D degrees 
at Stanford or the University of California, while employed in their 
chosen fields at Lockheed. 

Lockheed Missile Systems Division was recently honored at the first 
National Missile Industry Conference as “the organization that 
contributed most in the past year to the development of the art of 
missiles and astronautics”’ 

For additional information, write Mr. R. C. Beverstock, College 
Relations Director, Lockheed Missile Systems Division, 

Sunnyvale , California. 


Lockheed y MISSILE SYSTEMS DIVISION 


SUNNYVALE, PALO ALTO, VAN NUYS, SANTA CRUZ, VANDENBERG AFB, CALIFORNI 
CAPE CANAVERAL, FLORIDA © ALAMOGORDO, NEW MEXICO 
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Wace. 


SHIPPINGPORT 
FULL SCALE SCIENTIFIC STUDY 


On December 2, 1957, exactly fif- 
teen years after the first nuclear 
chain reaction was produced by 
man, critical, nuclear operation of 
the pressurized water reactor at 
Shippingport Atomic Power Station 
began. Three weeks later 60,000 
kilowatts of electricity flowed from 
the station into the vast distribution 
network of Duquesne Light Com- 
pany supplying metropolitan Pitts- 
burgh. This historic event marked 
the first successful operation of a 
large scale nuclear electric power 
plant in this country. 

Built jointly by the Westinghouse 
Electric Corporation and the Du- 
quesne Light Company under the 
Atomic Energy Commission’s Civil- 
ian Power Reactor Program, the 
station cost 121 million dollars. 
While the Shippingport facility at 
this moment is producing much 
needed electricity, it has, to some 
extent during its construction and 
to a much greater extent after its 
completion, been providing impor- 
tant scientific data and technologi- 
cal know-how—know-how so vitally 
needed as more atomic power 
plants are built. This, in fact, was 
the primary consideration in the 
construction of the station, for now 
at Shippingport scientists and engi- 
neers at last have a full scale plant 
in which to study and obtain ex- 
perimental data and_ operating 
experience that will aid in the de- 
sign of future plants. 


This is the heart of the nation’s first full- 
scale atomic-electric generating station— 
the 58 ton, multimillion dollar nuclear 
core, or fuel charge. Within this core the 
“hot” nuclear reaction, or fission process, 
takes place when the Shipppingport 
atomic power plant is in operation. The 
nuclear furnace heats high-pressure water 
which then turns a second supply of 
water into steam, steam which turns a 
turboalternator to produce electricity. 


Westinghouse Electric Co. 
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by Roy J. Lamm, ChemE °61 


Basic Concepts of the PWR System 
Until the day when direct con- 
version of nuclear energy to electri- 
cal energy becomes a reality, nu- 
clear power plants must use the in- 
direct, but economically feasible 
method of changing nuclear en- 
ergy, to thermal energy, to me- 
chanical energy and finally to 
electrical energy. In an ordinary 
steam generating station the ther- 
mal energy from the steam is con- 
verted into mechanical energy in a 
turbine and the mechanical energy 
in the turbine is changed into 
electrical energy in the generator. 
At Shippingport, too, the energy 
cycle from steam to electricity is 
employed. The primary difference 
between an atomic power station 
and a conventional station, how- 
ever, is the source of heat which 
produces the steam. Whereas in 
the latter coal or sometimes oil is 
used to furnish thermal energy 
with which to manufacture steam, 
the former relies on a nuclear re- 
action to release fast neutrons 
which will collide with, and sub- 
sequently give up energy to, water 
molecules. The energized water 
molecules then change to steam. 
The heart of the Shippingport Sta- 
tion, then, is the nuclear reactor, 
producer of the neutrons. 

At present there are several types 
of nuclear reactors based on radi- 
cally different designs and theories. 
The pressurized water reactor 
(PWR) is by far the most ad- 
vanced. For this reason the PWR 
system, the same one used in the 
famous nuclear submarine Nautilus, 
was chosen for Shippingport. 

The basic network of such a sys- 
tem is schematically represented in 
figure one. The system consists of 
two loops—the primary, containing 
the nuclear reactor and _ heated 
water under pressure and the sec- 


ondary where steam is actually pro- 
duced. 

Water is pumped through the 
primary loop into the reactor. Here 
fast neutrons given off from the nu- 
clear reaction collide and transfer 
their energy to water molecules. 
The heated water under a very 
high pressure remains in the liquid 
state and is pumped to a heat ex- 
changer where it gives up its en- 
ergy to water in the secondary loop. 
The water in this second loop is not 
under high pressure and therefore 
turns into steam. After being dried, 
the steam is sent to a regular steam 
turbine. 

The advantages of this PWR sys- 
tem are numerous. The primary 
loop and the water in it are physi- 
cally separated from the secondary 
loop. Thus, if by a remote chance 
the water in the primary loop be- 
came contaminated with radioac- 
tive particles, it would be confined 
there and not allowed to spread 
radioactivity into the turbine and 
the unshielded portion of the sta- 
tion. Because the water in the pri- 
mary loop is isolated, it can be puri- 
fied to a high degree. Such very 
pure water reduces the possibility 
of corrosion of the cladding around 
the radioactive fuel elements. The 
liquid water in the reactor, ob- 
tained by putting the entire primary 
loop under high pressure, acts as an 
excellent moderator to the neutrons 
released in the nuclear reaction. If 
the system were not pressurized, 
the water would soon turn to steam, 
a poor moderator of neutrons. With- 
out a good moderator an insufficient 
number of fast neutrons released 
in the nuclear fission would collide 
with water molecules. This would 
reduce the number of thermal neu- 
trons (neutrons slowed by collision ) 
which are available to continue the 
fission of the U-235 fuel. 
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Westinghouse Electric Co. 

Cutaway of the pressure vessel shows the 

reactor core. The core is composed of 113 

“blanket” fuel elements, containing 14 

tons of natural uranium, surrounding 32 

“seed” elements, containing 165 pounds 
of highly enriched uranium. 


One of the most important assets 
of the PWR system is its negative 
temperature coefficient of reactiv- 
ity. With this coefficient the re- 
actor inherently tends to maintain 
the power level it was set at. If 
for some reason the temperature of 
the water entering the reactor sud- 
denly drops, the power output au- 
tomatically increases; and_ vice 
versa if the temperature of the inlet 
water increases, the power output 
decreases. Thus, because of the 
negative coefficient, the proper 
power level can be maintained with 
a minimum of outside control. 


The Reactor 


The reactor is the heart of the 
PWR system. The reactor pressure 
vessel, which is thirty-three feet 
high, nine feet in diameter, made 
of carbon steel plates and lined 
with one-quarter inch stainless 
steel, contains the nuclear core. 
The core (cross section shown in 
figure two) is composed of one 
hundred forty-five fuel assemblies— 
thirty-two of the “seed” type and 
one hundred thirteen of the “blan- 
ket” type. Each fuel assembly is 
seventy inches long and has a cross- 
section of five and one-half square 
inches. The seed assemblies or 
plates in the core are enriched ura- 
nium 235 protected from the hot 
water with a cladding of zirconium 
alloy. The blanket assemblies or 
rods are hollow zirconium alloy 
tubes filled with natural uranium 


14 


oxide (UO, ) pellets. These fuel as- 
semblies, when in their proper posi- 
tions in the reactor, take the form 
of a cylinder six feet in diameter 
and six feet high. 

The top of the reactor is the ves- 
sel head which contains the 
mechanism for the control rods. 
The control rods, thirty-two in all, 
are hafnium and can be inserted 
or withdrawn by remote control 
from the reactor core to change the 
power level or stop the reactor 
completely. At any given stage of 
core life these control rods _ will 
have a specific operating position. 
At this operating position whatever 
power output established for the 
reactor will be maintained by the 
rods. The chain reaction will just 
be sustained with the right number 
of neutrons for the heat level de- 
sired. 


Seed and Blanket Concept 


The seed and blanket arrange- 
ment of fuel assemblies in the core 
embodies an important concept 
worth further analysis. The seed 
elements containing the concen- 
trated U-235, not only make con- 
tinuance of the nuclear chain 
reaction possible, but also are 
copious sources of neutrons for 
power production. Conversely, the 
natural uranium blanket elements 
have only one part in 140 of U-235, 
the remainder being naturally oc- 
curing U-238. This natural U-238 
is not fissionable by thermal neu- 
trons as is U-235. Rather, it absorbs 
neutrons given off by fissioning 
U-235 to such an extent that it 
alone cannot sustain a nuclear chain 
reaction. Were this all that oc- 
curred, the seed and blanket system 
would hardly be advantageous. 
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However, another nuclear reac- 
tion does occur which adds a con- 
siderable quantity of energy to the 
system in addition to that given off 
by the U-235. When the U-238 ab- 
sorbs neutrons from the seed ele- 
ments, it becomes U-239, This un- 
stable isotope decays to neptunium 
and finally plutonium 239. Pluto- 
nium 239, like U-235, is a fuel suit- 
able for fissioning with thermal 
neutrons. Thus a new, useful fuel 
is being produced simultaneously 
with the burn-up of existing fuel. 
For every ten U-235 atoms de- 
stroyed six plutonium 239 atoms 
are formed, giving a conversion 
ratio of 0.6. This conversion ratio 
could be lifted above one and a so- 
called “breeder” reactor would be 
created, However, in the breeder 
type reactor power production is 
much less effective than in the 
“converter” type reactor used at 
Shippingport. 

Because of the breeding effect in 
the blanket elements, their life is 
over twice that of the seed elements 
of the core (8000 hours for the 
blanket as compared to 3000 hours 
for the seed portion of the core). 
At the start of the reactor core life, 
roughly half of the power comes 
from the blanket. As the seed 
“burns up” the U-235, its effective- 
ness as a heat producer decreases. 
Conversely, as time passes, because 
more fuel is being produced than 
is being burned up, the blanket 
contributes a greater fraction of the 
total power. 


The Coolant Loop 


The heated water in the reactor 
is, in itself, useless. There must, 
then, be a means to carry the water 
under pressure to a heat exchanger 
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A schematic diagram shows the two-loop system employed at Shippingport. With this 
system, the primary loop, exposed to — radioactivity, is isolated from the rest of 
the plant. 


THE CORNELL ENGINEER 


i ‘ [ 

I 

it 

3 

REACTOR \ WATER 
URANIUM PUMP 

FUEL 


where it can give up its energy. 
The task is accomplished by four 
primary loops. Each is connected to 
the reactor and to its own heat ex- 
changer and steam generator. 

Two loops are connected to so- 
called U-shaped heat exchangers, 
while the other two have straight- 
through type heat exchangers. In 
the straight-through type the heated 
water from the top of the reactor 
which is at 538° F, and 2000 psia 
enters the stainless steel exchanger 
and flows through 2,096 tubes, each 
of which is thirty feet long and 
one-half inch in diameter. 

In the “U” type exchanger the 
heated water from the top of the 
reactor under the same tempera- 
ture and pressure flows through 
921 three-quarter inch stainless steel 
tubes bent into a “U” shape. At the 
terminus of all the exchangers the 
water which returns to the bottom 
of the reactor is reduced in temper- 
ature to 508° F. The water sur- 
rounding the tubes in all the heat 
exchangers is immediately con- 
verted to steam at 600 psia, pumped 
to a steam drum where it is dried 
and then sent to the turbine. The 
turbine is an 1,800 rpm unit rated 
at 100,000 kilowatts. It handles 
860,000 pounds of steam per hour, 
with a gross power output of 68,- 
000 kilowatts. The station uses 8,000 
kilowatts to operate, leaving a net 
output of 60,000 kilowatts. 

Since it is vital to the safe opera- 
tion of the station that boiling does 
not occur in the reactor or primary 
loop, a fool proof system for main- 
taining the pressure as close to 2,000 
psia as possible is necessary. The 
system designed to perform. this 
task is surprisingly simple, yet, 
highly reliable. Its main component 
is a pressurizing tank. This tank is 
tied into the primary system be- 
tween the reactor and the steam 
generator. 

During operation the tank has 
only 100 cubic feet of its 260 cubic 
foot volume filled with water. Sub- 
merged in this water are electric 
immersion heaters which supply 
heat to maintain a 2,000 psia steam 
head in the tank. If, for example, 
the pressure in the reactor system 
should suddenly drop the pressure 
in the tank would also drop quite 
quickly. This would immediately 
cause some of the water in the tank 
to flash into steam. The extra steam 
would increase the pressure in the 
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A cross-section of the nuclear reactor core shows the arrangement of the 113 “blanket” 
fuel elements around the 32 “seed” elements. 


tank and thus out in the primary 
system as well. If the pressure in 
the primary system suddenly rose, 
a spray nozzle in the top of the 
tank would spray cooled water into 
the tank, condensing some of the 
steam, and thereby lowering the 
system pressure back to normal. 


Safety Precautions 


Many new dangers to human 
safety have been encountered in 
the Shippingport project. For this 
reason the design and construction 
of the station has had to meet 
elaborate, stringent safety require- 
ments. No expense or trouble has 
been spared to insure the personnel 
in the station and the public in the 
surrounding area against hazard, A 
secondary consideration in the in- 
stallation of the many safety de- 
vices is the operational data that 
will be obtained for use in design- 
ing future safety systems in atomic 
power plants. 

Probably the most feared danger 
by the public is the possibility of a 
nuclear explosion similar to that of 
an A-bomb. Such an occurrence 
with the PWR reactor is impossible. 


The very worst “runaway” nuclear 
reactivity accident that could occur 
would only result in the melting of 
the cladding on the fuel elements 
in the core with subsequent release 
of radioactive particles into the pri- 
mary loop. If this did occur, there 
would still be two of three barriers 
left between the contaminated par- 
ticles and the outside. The first bar- 
rier between radioactivity and per- 
sonnel is the zirconium alloy clad- 
ding on the fuel elements. The sec- 
ond barrier is the all welded sealed 
primary loop, and the third is the 
plant container, a group of inter- 
connected, vapor tight, steel pres- 
sure vessels. 

In addition to the safety offered 
by these three barriers many other 
measures have been taken, because 
of the designers’ assumption that 
no single safety system is failure- 
proof. All conceivable accidents 
that might occur in the PWR plant 
have been analyzed. 

To give all the conclusions of this 
accident study would be impossible 
here, but consideration of two of 
the most serious accidents that 

(Continued on Page 25) 
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Eli Whitney was the first practitioner of 
quality control. By applying the prin- 
ciples of mass production and_inter- 
changeable parts, both of which are 
based on quality control, he was able to 
build the then unheard of quantity of 


10,000 muskets for the government. 


by 
David Lamensdorf, 


EE °60 


WHY QUALITY CONTROL? 


People are not perfect. Plans cre- 
ated by people are not perfect. Ma- 
chines built by people are not per- 
fect. Therein lies the essential 
justification of quality control engi- 
neering. 

Quality control engineering is a 
relatively new field organized for 
the purpose of creating a balanced 
compromise between cost, perform- 
ance, endurance, and _ production 
time with respect to a manufac- 
tured product or service. 


What is Quality Control? 

Quality is not meant to imply 
“best” in the absolute sense, but 
rather best for certain customer 
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conditions. The product must meet 
the needs of the customer within 
the time allowed, using the most 
economical methods feasible under 
the conditions. Therefore, the best 
product in a physical sense is not 
necessarily the best “quality-wise.” 

Control involves the use of past 
experience to predict how a prod- 
uct’s characteristics may be ex- 
pected to vary within the desired 
limits in the future. Prediction 
within limits means it is possible to 
state approximately the probability 
that the measured characteristic 
will fall within the given limits. 
The prediction must take into con- 
sideration all of the unknown fac- 


tors present in the particular char- 
acteristic being measured. By hav- 
ing an adequate system of controls, 
a manufacturer is able to reduce 
the cost of inspection and, the num- 
ber of rejections and to attain the 
maximum benefit from quantity 
production through these reduc- 
tions. A secondary advantage of 
control is the possibility of reduc- 
ing the tolerance limits of a charac- 
teristic without any great increase 
in expense. 


How Did Quality Control Begin? 
Eli Whitney, famed for his in- 

vention of the cotton gin, was the 

first practitioner of the principles of 
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quality control. In 1797, he ac- 
cepted a contract from the United 
States government to build the then 
unheard of quantity of 10,000 mus- 
kets within two years. It was “un- 
heard of” because all of the gov- 
ernment arms-makers, using the 
normal eighteenth century handi- 
craft methods of one man on a 
musket from start to finish, could 
not turn out that many muskets in 
several years. However, Whitney, 
applying the principles of mass pro- 
duction and interchangeable parts, 
both of which are based upon qual- 
ity control, was able to accomplish 
this feat. His success was a direct 
result of his ability to control his 
machines, his material, and _ his 
manpower. 

For the next century, with the in- 
dustrial era just in its infancy, the 
ideas of quality control did not 
make any further great strides. 
Quality was mostly in the hands of 
the workers and foremen. It con- 
sisted at most of inspection and 
possibly testing of the manufac- 
tured product. With increasing 
mechanization, responsibility for 
quality broadened to inspectors 
who became independent of the 
foremen. 

In time responsibility was even 
further spread. Here is a good ap- 
proximation of the organization in 
most large companies today. The 
engineering department specifies 
the quality; the laboratory sets the 
standards; production and manu- 
facturing is responsible for making 
the quality product; planning and 
methods sets up the procedures and 
facilities necessary; and the inspec- 
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tion and test department passes on 
the final conformance of the prod- 
uct. 

In the twenties, Dr. Walter A. 
Shewhart, of the Bell Laboratories, 
often called the father of modern 
quality control, published several 
papers in which he conceived and 
developed the theory of statistical 
quality control. His methods were 
not accepted throughout the coun- 
try though, until 1940, when they 
were promoted by the government 
among national defense contractors. 
They then spread rapidly and were 
in common use by the end of the 
war. 


What Is Statistical Q-C? 

Statistical quality control is based 
on the concept that the output of a 
manufacturing process is not iden- 
tical units but individual items 
whose characteristics are essentially 
similar in their degrees of variation, 
one from the other, with respect to 
their ability to meet a given set of 
specifications. Variation of these 
characteristics within certain limits 
is inevitable and acceptable. Varia- 
tion outside of these limits should 
be discovered and corrected either 
in the design or the manufacturing 
process. The discovery and correc- 
tion should ac complished 
through the use of the various tools 
of statistical quality control, such 
as control charts and sampling pro- 
cedures. These tools were first sug- 
gested by Shewhart and have since 
been developed and refined by 
many of the people who have come 
to work in quality control. 

A control chart is basically a 
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graph of the measurement of a cer- 
tain product characteristic versus 
the number of products inspected. 
There are many variations to fit 
various applications. Through ob- 
servation of this chart, it can be 
determined whether or not a proc- 
ess is in control, and if not what 
corrections need to be made to 
bring it under control. 

Sampling inspection is based on 
the theory that if one or two of a 
particular “lot” of units does not 
meet a set specification, then it is 
probable that many of the others 
in that lot will also fail to meet this 
specification. This flaw can there- 
fore be detected by a “sampling in- 
spection” of a few units in each lot. 
Sampling inspection is obviously 
only good for mass _ production 
where automatic or semiautomatic 
machines are used. 


What Are Modern Q-C Problems? 


The core of the approach to mod- 
ern quality control is to control the 
product quality during the process 
of design and manufacture so as to 
prevent poor quality rather than to 
correct poor quality after the arti- 
cle has been produced. In other 
words, the ultimate aim is to con- 
trol the process rather than the 
product. By controlling all of the 
processes, a quality product must 
result. 

Today, quality control has be- 
come such a vital part of every 
manufacturing concern that it is set 
up as a completely autonomous en- 
gineering group. At the same time, 


(Continued on Page 25) 
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Distribution curve shows the relation between process capa- This typical control chart indicated whether a process is in 
bilities and specified tolerance. The ordinate is the ratio “control”. g is the standard deviation of the distribution, 


of number of units to total number of units in lot. Most of 
the units produced by this process fall within the specified 
tolerance. A few which fall in the cross-hatched region, 
however, are beyond the tolerance limits and therefore 


must be rejected. 
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and each peak represents a point in time when a unit or 
group of units of production was sampled. When a peak 
falls outside of the 3g limit the process producing the units 
is considered out of control. It is then stopped and adjusted 
to bring the sample deviations within the 3g limit. 
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METALLURGY THE DAWN 
HISTORY 


by John M. Walsh III, ChemE °59 


The early history of metallurgy 
is a story of probable happenings 
at indefinite times. Most of the 
events discussed here are hypoth- 
eses, each based on certain pieces 
of evidence: unearthed remains of 
ancient civilization, inscriptions in 
tombs, or fragmentary writings 
from some later generation. Other 
clues have come from studies of 
modern primitive societies whose 
cultures may parallel those of their 
predecessors, the original Metal 
Age man. 

The history of metallurgy then, 
is a history of hypotheses, built on 
a substantial basis of factual clues, 
which may indicate how primitive 
man found the answers to the se- 
crets of metal-working. 

Before launching into a discus- 
sion of the chronology of metal- 
lurgy, we shall attempt to decide 
who discovered early metallurgical 
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techniques. The study of modern 
aboriginal societies and prehistoric 
inscriptions discredits the possibil- 
ity that the early metallurgist had 
a true “scientific mind.” Even after 
he had mastered the task of smelt- 
ing metal, he did not really know 
what a metal was. We should not 
attribute the concept of metal to 
even the Egyptians of 1200 B.C. 
The early smelters and workers of 
metal were artists, not scientists, 
and early metallurgical processes 
were discovered by accident and 
not by scientific endeavor. 


Metals Found in Elemental State 


Early man’s first metals were the 
gold, copper, and silver nuggets 
that he found lying out in the open. 
Soon he realized that these pecu- 
liar stones could be shaped by 
beating, and metals were put to 
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Experts disagree about whether 
or not gold was used before copper. 
The metallurgy of gold is by far the 
simplest and provides a good start- 
ing point for a discussion of the 
techniques of metal-working. De- 
posits of gold were widespread 
throughout ancient civilizations, 
but only in Egypt were the de- 
posits extensive. In early times 
Egypt essentially monopolized the 
production of gold. 

Native gold is the most common 
form in which gold is found, and 
early refining methods were merely 
ways of separating the gold from 
the gangue, or unwanted foreign 
matter intermixed with the metal. 
The most common separation was 
effected by grinding the ore into 
dust-fine particles by hand and 
then washing the mixture on a 
table with a gentle stream of water. 
This carried away the gangue and 


One of the first crude furnaces for the refining of metals consisted only of a stone hearth with clay walls. Such early metal refining 
was an extremely simple process, for the ore was merely crushed, mixed with charcoal, and placed on the hearth for reduction. 
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left the heavier particles of gold. 
These particles were picked up on 
a damp sponge. In later times, the 
particles were then melted down 
in a crucible. The first mining op- 
erations were similar to gold wash- 
ing, and are now called placer 
mining. 

Native copper was probably the 
second metal to be used by ancient 
man. In early times, both native 
copper and gold were used mainly 
for making jewelry. Native copper 
was more plentiful than gold and 
was more often obtained in pieces 
of useable size. Early man obtained 
his copper by picking up small 
pieces on the ground, or by knock- 
ing protruding portions from cop- 
per boulders with stone axes. As 
copper became more readily ac- 
cessible to him, primitive man be- 
gan to use it for fabricating useful 
implements. Some of these imple- 
ments have been found in Chalde- 
an graves of 4500 B.C. 

Long after copper and gold were 
in use, silver was acquired by prim- 
itive man. Called “white gold,” na- 
tive silver nuggets were picked up 
on or just below the surface of the 
ground. Primitive man hammered 
nuggets of native silver both to 
shape them and remove the tarnish. 
Silver ornaments are known to 
have been in existence as early as 
3000 B.C. 

The other metal used by early 
man was called electrum. It was 
actually an alloy of gold and silver 
and probably occurred naturally in 
lands near Egypt. Because electrum 
is an alloy, it is harder than gold 
and thus in one way superior to 
gold for making jewelry. 

This, then, was the status of the 
metal-working craft before fire en- 
tered the picture. Metallic gold, 
copper, and silver were known to 
man. He could mine them, separate 
the metal from the gangue, and 
work the metal into useful shapes. 
He had no concept of metal as a 
separate class of substances but 
considered it a peculiar type of 
stone, which could be shaped by 
beating but not by chipping. In 
appearance, metal-working was just 
one part of the stone-working craft. 


Use of Fire a Major Discovery 

The use of fire in the processing 
of metal was probably the most 
important discovery in the history 
of this craft. For centuries, early 
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In order to cast and purify the metal after its initial reduction, it was placed in a 

crucible and heated. Early man was very slow in developing metal technology, for it 

did not occur to him to take the next logical step of building the crucible he used 
into the hearth of the furnace. 


man had known how to shape 
pieces of metal by beating, bend- 
ing, and cutting them. As time went 
on, he came to realize that working 
metal hardened it. Although this 
made stronger weapons, it made 
metal-working much more difficult. 
Around 4200 B.C. the process of 
using fire to soften and anneal met- 
al was stumbled across. This tech- 
nique gave ancient man a little 
control over the properties of the 
object he was working. 

In the middle of the fourth mil- 
lenium B.C., the process of casting 
was discovered when the primitive 
smith came to realize that the 
liquid metal, when cooled, would 
retain the shape it had when fluid. 
The first casting was done with 
crude sand or clay molds, which 
later were developed into molds 
sculptured in rocks. The discovery 
of casting lessened the need for 
forging and annealing, greatly 
shortened the amount of time spent 
to make any metallic implement, 
and increased the number of shapes 
which could be made from metal. 
In any case it was still the nature 
of the metal or alloy which deter- 
mined the properties of the finished 
product, not the treatment it re- 
ceived. 


The “Age of Metals” began 
around 3500 B.C. when the smelt- 
ing of ores became known to an- 
cient man. Before this time, metal 
had been a rarity to be collected 
wherever it could be found. Now 
man had at his disposal a method 
of producing metal from far more 
common substances. To be sure, 
metal was still far from plentiful, 
but with time it would become less 
and less of a novelty. 

The discovery of smelting was 
the result of an accident. Theories 
of its origin range from the ignition 
of an oil seepage in contact with 
copper ore to an Egyptian lady 
dropping some copper cosmetic 
into a brazier. It must be remem- 
bered that the ancient mind learned 
very slowly, and whatever accident 
caused the discovery must have oc- 
curred many times before it made 
a lasting impression on the ob- 
server. 

Both classical tradition and ar- 
chaeological studies indicate that 
smelting originated in Northern 
Persia and was soon passed on to 
the Near East. In light of the tools 
and implements used in prehistoric 
metallurgy, it seems likely that 
metallurgy originated at one center 
but that each new metallurgical 
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center developed its own processes 
and techniques. 

As would be expected, early 
metal refining was an extremely 
simple and crude process. The ore 
was crushed and hand picked prior 
to smelting. The broken ore was 
mixed with charcoal and the mix- 
ture was placed in a pit on the 
side of a hill and ignited. After 
smelting was finished, the uncon- 
sumed fuel was removed to allow 
the metal to cool. When the metal 
had just solidified and was still 
brittle, it was broken up with a 
hammer. The metal produced was 
spongy, incompletely fused, and full 
of extraneous matter, This unde- 
sired matter was removed by beat- 
ing. 

Some authorities belive that the 
campfire may have been the first 
metallurgical hearth. If so, it was 
soon improved by digging a hole to 
collect the metal, lining the hole 
with clay to keep the metal clean, 
and enclosing the hole in the floor 
with stones, thus producing the first 
crude furnace. Later, to conserve 
heat, the top of the furnace was 
curved in and air admitted through 
holes in the bottom of the hearth. 
The molten metal was removed 
through other holes. The shaft fur- 
nace originated near the end of the 
Bronze Age, when stone walls were 
erected around the hearth to form 
a chimney. Undoubtedly, the crea- 
tion of metallurgical furnaces was 
greatly influenced by previously ex- 
isting pottery kilns and furnaces. In 
casting and purifying, the metal 
was kept separate from the fuel by 
heating it in a crucible. Although 
it would seem a logical step to 
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build the crucible into the hearth 
of the furnace, this never took 
place. 

Learning that his fires burned 
better when in a breeze, the primi- 
tive metallurgist built his furnaces 
on the windward side or top of a 
hill and with chimneys to conduct 
a draught through his smelting fire. 
The Egyptians used blowpipes to 
create draught as early as 2500 B.C. 
These tuyeres were metal pipes 
with clay nozzles. The Sumerians 
and Babylonians used hollow reeds 
to increase the flow of air to the 
fire. The bellows was later invented 
and appeared in Egypt around 
1500 B.C. The early bellows was 
an animal skin with a pipe attached 
to one leg; a later form was a rigid 
dish covered with a skin diaphragm. 


Alloys Formed from Mixed Ores 
Few metals produced in antiquity 
were purified to any degree. Ores 
were commonly found mixed, and, 
in many cases, the alloys produced 
were as important as pure metals. 
Bronze is thought to have been 
the most important early alloy, It 
was probably discovered when nat- 
urally mixed ores containing copper 
and an appreciable percentage of 
tin were smelted. If this smelting 
of naturally mixed ores had oc- 
curred many times, primitive man 
could have come to associate the 
properties of bronze with the mix- 
tures of the ores, Later he probably 
mixed tin ores with copper before 
smelting to obtain an alloy with 
the desired properties. In time he 
may have tried smelting the tin 
ore alone and thus have discovered 
tin. The last hypothesis is sup- 


ported by the fact that bronze was 
known to primitive man long be- 
fore he knew of tin. 

The reasons for using tin in cop- 
per cast implements were twofold. 
Although the melting point of the 
bronze was not noticeably lower 
than that of copper, the melt was 
more liquid, and the solid was 
harder and less porous. These fac- 
tors made it possible to cast more 
durable products of a wider variety 
of shapes than before. 

Many ancient bronzes contain a 
considerable portion of arsenic, but 
in most cases this mixing appears to 
be unintentional. It is certain that 
any zine included in preclassical 
bronze was accidental because the 
ancients had no knowledge of this 
metal. Antimony also appears in 
the bronzes, and the first inclusion 
of this metal may also have been 
accidental although it was known 
to the ancients and later deliber- 
ately added to bronzes. 

Brass was produced as early as 
the sixth century B.C. but, like the 
first bronze, its production was a 
purely empirical process with me- 
tallic zinc never entering the pic- 
ture. Primitive metallurgists could 


Larger and more refined furnaces, like 
the Corsican Furnace (upper left) and 
the Indian Crucible Furnace (lower 
right) developed after the discovery of 
iron. The smelting and steeling of this 
new metal demanded a metal technology 
based on the new principle that a metal’s 
properties were a function mainly of its 
treatment. In order to master this new 
technology, new and better tools had to 
be developed. 


not have known the delicate proc- 
ess of reducing zinc ores with finely 
divided charcoal and the subse- 
quent condensing of zine vapors 
produced. In the early production 
of brass, zinc ore (calmia) mixed 
with charcoal was covered with 
metallic copper which melted when 
the charcoal was ignited. The brass 
was a highly desirable alloy be- 
cause it resembled gold. 

As new metals were developed, 
new techniques for handling these 
metals evolved and old techniques 
were altered. Casting was much 
improved by the use of bronze 
which could be cast with much 
greater facility than most other 
metals. The main use of bronze was 
for making statuettes which were 
at first cast solid and later, when 
the technique was evolved, were 
cast hollow using a center of sand 
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and beeswax coated with clay. 
Later the technique of shell casting 
(filling the mold with molten 
bronze, and after a hardened skin 
had formed, pouring the molten 
center out) was used to save both 
time and metal. 

New methods of joining and plat- 
ing metallic and non-metallic ob- 
jects were devised. In some isolated 
cases, archeologists have found 
items which were soldered by 
craftsmen in the days of the Old 
Kingdom of Egypt. The technique 
used was that of hard soldering 
(soldering with silver). Most ob- 
jects were joined by riveting or by 
fitting them closely and hammering. 
Plating of objects with thin sheets 
of metal was common and was ac- 
complished by nailing the thin 
sheets of gold or silver to the 
plated object. 

Within 1,000 years of the discov- 
ery of smelting, simple processes 
had evolved to extract and shape 
gold, silver, copper, bronze, lead, 
antimony and tin. However, while 
the advent of metal-working and 
metal implements made innumer- 
able new achievements possible, 
there was no great change-over 
from the use of stone to the use of 
metal. The known deposits of ore 
were scarce, and the manufacture 
of the implements of war utilized 
most of these deposits. The nobles 
and priests took a large portion of 
what was left. 

The common man_ had little 
metal from which to make axes and 
knives. In most cases flint was still 
retained to make the rougher ob- 
jects. In fact Herodotus writes that 
Xerxes’ soldiers were _ partially 
armed with stone weapons when 
they invaded Greece. The change 
from the Age of Stone to the Age 
of Metal was slow and resulted in 
early man’s having metal for spe- 
cial purposes, not for common use. 


Iron is Most Important Discovery 

Of all the metals, iron is the most 
useful. It is plentiful and its pro- 
duction, once mastered, presented 
no great difficulty to the primitive 
metallurgist. If the refining of other 
metals was known around 3500 B.C., 
how is it that iron smelting was not 
discovered by man until two mil- 
leniums later? 

Although it is true that iron can 
be reduced to metal at lower tem- 
peratures than copper, the iron 
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does not fully melt at these temper- 
atures. The metal formed is not 
recognizable unless beaten to re- 
move the slag and cinders. Also de- 
laying the discovery of iron was the 
fact that ores rarely occur in the 
presence of those other metals 
known to early man. This made it 
unlikely that iron would be discov- 
ered while smelting the ore of 
another metal. A third delaying fac- 
tor is that only under exceptional 
circumstances does metallic iron 
occur in the presence of iron ore. 

One of the most disputed dates 
in history is that of the first smelt- 
ing of iron. Although a few early 
iron implements have been found, 
the scarcity of these finds is evi- 
dence against the early general use 
of iron. Some have taken the writ- 
ings of Herodotus and the finding 
of a piece of iron in the pyramid at 
Giza as evidence that the pyramid 
builders were users of iron. Neither 
of these pieces of evidence has 
been fully authenticated. 

Man-made iron occurred in Meso- 
potamia as early as 2500 B.C., but 
the metal was probably produced 
in small amounts as the by-product 
of the smelting of other metals. 
During the period of 1900 B.C. to 
1400 B.C. the use of iron in orna- 
ments and ceremonial weapons be- 
came more common. However, the 
suspicion with which people re- 
garded this metal indicates that its 
production was neither well under- 
stood nor common practice. 

The production of “steeled” 
wrought iron was first grasped by 
the Chalybes who had a monopoly 
on its production for 200 years un- 
til 1200 B.C. By this time the 
knowledge of “steeled” iron and its 
production had gradually spread 
throughout the Near East. Iron was 


still being produced only in small 
quantities, The greatest spread of 
iron-working came with the down- 
fall of the Hittite empire. Many of 
the iron-working tribes were driven 
to other regions. Previous unsuc- 
cessful attempts to smelt iron in the 
new homes of the iron-working 
tribes paved the way for the tech- 
nology of this new people. The 
steel produced was superior to 
bronze, and its technology spread 
rapidly through Asia Minor and 
the Mediterranean between 1200 
B.C. and 1000 B.C. 

The smelting and steeling of iron 
produced a metal technology based 
on the new principle of the metal’s 
properties being due mainly to its 
treatment and not its alloy compo- 
sition. In order to master the pro- 
duction of iron, new techniques 
and tools had to be developed. 
First, the correct type and amount 
of flux had to be used to remove 
various types of gangue. Secondly, 
to remove the slag from the bloom 
(mixed slag and reduced metal), 
the bloom had to be reheated and 
beaten. This required special fur- 
naces and new hammers and tongs 
to handle the heavy masses. 

After the wrought iron was pro- 
duced, it had to be converted to 
steel. This required the new proc- 
esses of carburization, quenching, 
and tempering which were devel- 
oped in that order. The carbon con- 
tent of the steel determines the 
hardness it can attain under proper 
treatment. The wrought iron pro- 
duced by the early metallurgists 
contained essentially no carbon and 
was too soft to be useful. Gradually 
it was learned that the hardenabil- 
ity of the metal would be improved 
if the iron were heated in the pres- 

(Continued on Page 26) 
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THE 
FIRST NUCLEAR SURFACE SHIP 


“It was seventy-five years after 
the invention of steam power before 
the first steamship appeared, but in 
just twelve years after atomic pow- 
er was unleashed, our first nuclear 
subs were operating.” This surpris- 
ing fact was stated recently by Rear 
Admiral Albert G. Mumma, chief 
of the Navy’s Bureau of Ships. 

The United States is presently 
launching nuclear vessels at a faster 
rate than any other nation. Since 
the successful debut of the Nauti- 
lus, the United States Navy has 
built or planned some twenty-two 
atomic submarines. Now the United 
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by David Kessler, ME °62 


States’ first atomic surface vessel is 
in the offing. A merchant ship, the 
N.S. Savannah, is expected to enter 
service in the spring of 1960. 

The ship is taking shape on the 
drawing boards of George C. Sharp, 
Inc., Naval Architects and in the 
shipyards of the New York Ship- 
building Corporation. The nuclear 
power plant is being supplied by 
the Babcock and Wilcox Company. 
The entire project is taking place 
through the combined efforts of the 
Maritime Administration and the 
Atomic Energy Commission. 

A combination passenger-cargo 


ship, the Savannah is designed as 
a single screw vessel 587 feet in 
overall length. She is capable of a 
normal cruising speed of twenty- 
one knots, will be manned by a 
crew of 120, and will have accom- 
modations for sixty passengers. 

The atomic merchantman is a 
model of economy. Her reactor and 
propulsion systems are similar to 
those of the Nautilus, which has 
already traveled more than 200,000 
miles. Unmarred by smokestacks, 
the Savannah's decks should appear 
neat and efficient. 

There are three complete decks, 
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below which are cargo holds at 
various levels. The thirty passenger 
staterooms are located on_ the 
weather deck. The public rooms, 
including the main lounge, library, 
bar, dance area, cocktail 
lounge are of a rather average sta- 
tus. A modest-sized swimming pool 
is located on the promenade deck. 
The passenger accommodations will 
be spacious and comfortable, re- 
flecting a style of friendly living. 

Among the ship’s conveniences 
is a device for curbing seasickness. 
Stabilizing fins will hold the Savan- 
nah’s roll to a minimum.® And for 
the convenience of the scientists 
and engineers who will be on-look- 
ers during the merchantship’s first 
year of operation—a test and trial 
period—there will be closed circuit 
television and an auditorium, both 
of which will be used for technical 
demonstrations and lectures. 

According to Maritime Adminis- 
trator Clarence G. Morse, the Sa- 
vannah will have a threefold func- 
tion. For one year it will be used 
for tests and trials. Following this 
period, a worldwide tour with dem- 
onstrations in other nations is likely. 
Another function will be its pos- 
sible use as a commercial vessel 
under charter to a U.S. operator. 
However, citizens will not be per- 
mitted to book passage for three to 
five years after the termination of 
the trial period. 


The Reactor System 


The reactor system’s main com- 
ponents consist of a reactor cooling 
system, which is referred to as the 
primary cooling system, and _ its 
auxiliaries which serve the primary 
system such as the pressurizer, in- 
termediate cooling system, purifica- 
tion system, and the reactor con- 
trol and instrumentation systems. 

The pressurized water reactor 
system functions in the following 
manner: the primary water pumped 
through the system receives heat 
in the reactor as a result of con- 
trolled nuclear fission and gives up 
this heat in the steam generators. 
These generators are arranged in 
parallel and supply steam for the 
operation of the propulsion turbines 
and auxiliary turbine generators. 
The major portion of the reactor 
system is enclosed within a sealed 
and shielded containment vessel de- 
signed to contain the products of 


® See Cornell Engineer, October, 1958. 
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any rupture in the reactor system 
during operation. This containment 
vessel will be approximately fifty 
feet long and thirty-five feet in di- 
ameter. 

The type of reactor core that will 
be used in the Savannah has a 
number of distinct advantages. The 
use of rods filled with UO. will 
provide an extremely rugged core 
which is less susceptible to distor- 
tion of flow channels and to burn- 
out than in a plate type core. Sec- 
ondly, because the oxide in the 
rods is almost completely inert to 
water, a defect in a fuel element 
will produce no serious chemical 
reaction making it necessary to 
shutdown. Thirdly, the UO, insures 
a greater fuel economy than a fully 
enriched reactor using metallic ele- 
ments. This economy results from 
both the long life and the small 
production of excess plutonium in 
such a core. 

By using a large, long-life core, 
another distinct advantage results. 
The average neutron flux and cor- 
responding maximum surface tem- 
perature in the core can be held 
down, insuring better core operat- 
ing conditions and reliability. Fi- 
nally, the potential of this type of 
core offers opportunities for fur- 
ther economy. 

Twenty-one control rods will reg- 
ulate the excess reactivity of the 
reactor. Twenty shim rods designed 
to control reactivity losses due to 
burnout of fuel, buildup of poisons 
and higher isotopes, and designed 
to compensate for larger short-time 
reactivity changes such as transient 
xenon poisoning will be in opera- 
tion. 


The Propulsion System 


The other principal element 
comprising the power plant is the 
propulsion system consisting of a 
geared steam turbine unit which 
drives a single propeller. The cool- 
ing water of the nuclear reactor 
heats two main steam generators 
that supply the turbine unit with 
steam. The auxiliary electric power 
and steam requirements are nor- 
mally provided by two geared 
steam turbine generator sets and 
one low pressure steam generator. 
These units are also supplied with 
steam from the main steam genera- 
tors. The standby electric and steam 
requirements are furnished by two 
diesel powered generator sets and 


one oil fired package boiler. Emer- 
gency power is furnished by a 
diesel powered emergency genera- 
tor. Also, a 750-horsepower “take- 
home” propulsion motor, powered 
by the standby diesel generators, 
furnishes emergency propulsion 
power. 

The thermal efficiency of the 
atomic merchantship is comparable 
to that of a conventional ship of the 
same power and type. The disad- 
vantage of the low steam conditions 
is offset by the efficiency of the re- 
actor steam generator compared 
with that of a conventional oil- 


fired boiler. 


Safety Stressed 

The principal problems _intro- 
duced in the design and construc- 
tion of a nuclear propelled vessel 
are those involving safety. The 
safety of the ship, of the personnel 
aboard, and of the community is 
the foremost consideration of the 
designers. The safety features that 
are now being planned are still in 
the experimental stage and there- 
fore may still be changed or re- 
organized. 


Containment: The possible re- 
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In the Savannah’s pressurized water- 
cooled reactor, primary water enters the 
reactor vessel through the two lower 
nozzles, passes through the annuli be- 
tween the thermal shields, then through 
the outer fuel elements of the core, and 
upward through the center of the core, 
leaving through the upper nozzles. 
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lease of fission products in case of 
an accident to the primary reactor 
system is one of the fundamental 
safety problems of a pressurized 
water cooled reactor plant. After 
the effects of such an accident and 
the possible safety measures to 
counteract an accident had been 
considered, it was decided to install 
the reactor, coolant systems, main 
steam generators, and_ associated 
auxiliaries within a shielded pres- 
sure vessel. This vessel would be 
capable of retaining the mechanical 
energy as well as the radiation en- 
ergy resulting from an accident. 
However, a containment vessel may 
not be necessary in the future after 
the reliability of the ship’s reactor 
has been tested. 

For this ship, the containment 
vessel is designed as a cylindrical 
section with hemispherical ends. 
The underlying containment philos- 
ophy provides that the containment 
vessel should be located where it 
can be least severely damaged in 
the event of a collision. 

Radiation and Shielding: The 
primary shielding about the reactor 
vessel is constructed to allow main- 
tenance personnel to enter the ves- 
sel within two hours after the re- 
actor has been shut down. Second- 
ary shielding is necessary to en- 
velop the containment vessel and 
maintain the intensity of radiation 
at safe levels both under normal 
conditions and during leakage of 
the primary system water into the 
containment vessel. 

Operational Flexibility: The nu- 
clear ship is designed to perform 
like conventional ships. It will have 
similar maneuvering abilities. Its 
power plant is designed so that the 
need for complete shutdown is held 
to a minimum. Shutdown would 
occur only for dire reasons, toler- 
able to the same degree as over- 
speed shutdown on a single screw 
electric drive ship. 

The usual emergency generator, 
which provides power for essential 
services in the event electric power 
from the engine room fails, will be 
located on an upper deck. The 
emergency generator will also pro- 
vide power for the reactor cooling 
pump, which facilitates the re- 
moval of decay heat. 

Monitoring and Waste Disposal: 

The Savannah will be outfitted 
with both a radiation monitoring 
system and a small physics lab, 
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which will be located next to the 
hospital area, In addition, a decon- 
tamination area is provided in the 
reactor compartment. 

The usual problem of waste dis- 
posal will be solved by removal of 
radioactive waste every fifty days 
in home port. Air from the voids 
around the containment vessel will 
be continuously exhausted by a 
high vacuum fan and will be dis- 
charged to the atmosphere. 

Marine Hazards: The normal 
marine hazards of fire, storm, flood- 
ing, grounding and sinking have 
been considered in relation to the 
nuclear merchantman. The usual 
design considerations for these 
hazards apply except that the fire 
hazard is less due to the absence of 
oil fires in boilers. 

One of the designers’ principal 
problems was that of collision and 
sinking. In order to locate the re- 
actor in a spot least vulnerable to 
collision damage, it was placed on 
the centerline as far aft of midship 
as possible. 

Several possibilities exist in the 
event of sinking. Should such an 
accident occur, the reactor would 
be shut down immediately. Cool- 
ing of the reactor would proceed 
on emergency power as long as the 


The containment vessel for the Savannah’s n 


ship remained afloat. If sinking oc- 
curred in shallow water, the con- 
tainment vessel would remain in- 
tact and the surface exposed would 
carry away decay heat by convec- 
tion. In deep water, automatic 
flooding valves or bursting discs 
would admit sea water into the 
containment vessel preventing rup- 
ture of the vessel and_ possible 
damage to the internal primary 
system. 

The ship could sink in an upside 
down position; consequently, sup- 
ports have been provided to hold 
the containment vessel in place 
when the ship is askew. 

Refueling: Refueling is not as 
routine an operation as it is in con- 
ventional ships. The Savannah 
need only be refueled every three 
years. This will be accomplished 
in a special location, where the 
proper facilities and safety pre- 
cautions are maintained. 

The events of the past decade 
verify what, only a short number 
of years ago, would have seemingly 
been an anachronism. Who would 
have believed, in 1945, that twenty 
years later atomic-powered ships 
would carry the world’s transport 
and passengers? The Savannah and 
other vessels like it will, in the fu- 


Babcock & Wilcox 
uclear propulsion plant measures approxi- 


mately fifty feet long and thirty-five feet in diameter. Shown in this cutaway vicw of 
the vessel are, in the lower left, the U-tube heat exchanger; above the exchanger, the 
pressurizer; and, in the center, the reactor. 
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ture, fill the needs of the operators 
of the nation’s large passenger and 
cargo ships. Its appearance heralds 
the beginning of the age of exten- 
sive peacetime use of atomic 


energy. 


SHIPPINGPORT 
(Continued from Page 15) 


could occur will indicate the extent 
of the safety precautions taken at 
Shippingport. 

The first accident is the possible 
loss of coolant in the primary sys- 
tem by a rupture in piping or ves- 
sels. While extensive care is taken 
in the design and manufacture of 
the components of the pressurized 
system, and while they are tested 
for faults before installation, the 
possibility of rupture and the sub- 
sequent hazards therein have been 
studied quite extensively. 

For any rupture large enough to 
be serious, the water level in the 
pressurizer and the reactor plant 
pressure would fall immediately 
and quite sharply. An alarm would 
sound when the pressure went be- 
low 1850 psia, and a set emergency 
procedure would then be initiated. 
When the pressure reached 500 
psia, a safety injection system would 
immediately pump enough water 
into the reactor coolant system to 
prevent melting of the fuel assem- 
blies and subsequent release of fis- 
sion products. But if the rupture 
occurred below the core, the safety 
injection system would take time to 
cover the core with water. Some 
melting would occur with release 
of radioactive products. However, 
biologically speaking, the _ total 
amount of radioactivity released 
into the vapor tight steel pressure 
vessel would represent only 1.4 per 
cent of the activity present during 
a normal plant shutdown, The ma- 
jor portion of the fission products 
would remain within the fuel ma- 
terial during the melting. The vapor 
tight steel vessel or plant container, 
iato which the water from the pri- 
mary system would flow in the 
event of a rupture, could withstand 
the maximum pressure that would 
develop from the most extreme 
break. 

The second major accident that 
could occur has already been 
briefly mentioned. That is a so- 
called “run away” nuclear reaction. 
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In such an occurrence the reactor 
power level would suddenly in- 
crease faster than desired, and in 
time local heating of the fuel ele- 
ments would result in melting of 
the zirconium cladding and release 
of radioactive particles into the 
primary system. Even if all protec- 
tive circuits and systems failed, per- 
mitting this to happen, the reactor 
would soon shut down after this 
point is reached; thus, keeping all 
fission products within the primary 
loop and the plant container and 
prohibiting a nuclear explosion. 
This is because steam would form 
in the coolant channels of the re- 
actor core at the points of local 
heating; and since steam is not an 
effective moderator of neutrons, 
the fission rate (controlled by the 
number of thermal neutrons formed 
from fast neutrons being mod- 
erated by contact with water mol- 
ecules) would immediately de- 
crease. 

Only two of many possible acci- 
dents that could occur have been 
mentioned, but scientists have in- 
vestigated all which are theoreti- 
cally possible and have installed 
many safety systems to protect per- 
sonnel from the effects of these ac- 
cidents. 

In spite of the successful opera- 
tion of Shippingport, one cannot 
predict in glowing terms that the 
age of nuclear power is here, bring- 
ing with it untold benefits for man. 
For at present the power from Ship- 
pingport cannot compete economi- 
cally with that generated from con- 
ventional power stations. Nor can 
the overly optimistic advocate of 
nuclear power point to the quantity 
of power being produced now or 
in the near future as an indicator of 
things to come because presently 
only 81,000 kilowatts of electricity 
are generated from nuclear power 
stations in this country; and only 
200,000 kilowatts in the entire 
world come from atomic power 
plants. 

But the Shippingport Station 
should not be a disillusionment, for 
it was not designed to compete with 
conventional power plants. The 
value in Shippingport lies in the 
full scale laboratory it offers to sci- 
entists to test and evaluate their 
ideas and find out their mistakes. 
No doubt many of the station's fa- 
cilities that have been discussed 
here will be surpassed by more 


efficient equipment. But many of 
the ideas for this new equipment 
will have come from the Shipping- 
port experiment. In the history of 
nuclear power, Shippingport will 
not be remembered as large or 
economical. These adjectives must 
be left to stations not yet built. But 
it will be remembered as the pio- 
neer in nuclear power. 
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it embraces in its applications all 
of the other fields of engineering. 

The modern quality control en- 
gineer’s job is to put into practice, 
direct, and coordinate all of the 
theories of quality control. In ac- 
complishing this, he faces a wide 
variety of problems. He must cope 
with a human relations problem re- 
sulting from the wide distribution 
of responsibility throughout the or- 
ganization for product quality and 
the consequent difficulty of tracing 
any particular responsibility to a 
single individual or group. Closely 
related to this is one of the greatest 
overall problems in any complex 
organization, that of communica- 
tions between individuals and be- 
tween departments. Quality control 
is especially affected with disputes 
arising over responsibility, Usually, 
the more direct a communication is 
the more effective one. However, 
the larger an organization becomes, 
the more indirect its communica- 
tions usually become. 

Another prime concern of the 
quality control engineer is the gen- 
eration of a feeling of quality- 
mindedness throughout the organi- 
zation or company. With quality- 
mindedness, the individual, not 
only realizes the part his job plays 
in producing a quality product, but 
also contributes his full active sup- 
port towards this goal. The estab- 
lishment of this attitude is more 
important than any mechanical aids 
for checking or controlling quality. 

The growth of industry has 
caused a vast increase in the de- 
mand for more precision in the 
quality characteristics of a product. 
Here, the quality control engineer 
faces a continuing technological 
problem. New products and devel- 
opments were all made _ possible 
through the ability to achieve pre- 
cision on a large scale. Such items 
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as the micrometer, precision gauge 
blocks, high speed steel, the center- 
less grinder, and even the electron 
microscope all have contributed to- 
ward increasing the precision of 
manufacture. This increase in pre- 
cision and its related problem of 
control will continue as long as sci- 
ence and industry continue to move 
forward. 

The modern quality control en- 
gineer should have an engineering 
education, and also be acquainted 
with such varied fields as statistics, 
accounting, engineering economics, 
industrial management, and human 
relations, This last quality is prob- 
ably the most vital. 

Such a_ heterogeneous back- 
ground is necessary for the quality 
control engineer must not only 
know his own field, but also have a 
close familiarity with most of the 
other operations in the company 
such as accounting, engineering, 
and manufacturing. This will en- 
able him to organize in the com- 
pany the most effective quality con- 
trol system which will insure pro- 
duction at the most economical 
level, while still satisfying customer 
demands. Perfection would be the 


result of a completely successful 
system set up on that basis. 
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ence of carbon. Then, given the 
proper hammering, the object 
would to a large degree, achieve 
the desired hardness. 

The next discovery was quench- 
ing. Through quenching, the struc- 
ture of the metal at red heat is 
maintained by cooling the metal so 
rapidly that the transformations 
taking place on slower cooling do 


not have a chance to occur, This 
technique was hard to grasp since 
it had the opposite effect on metals 
in earlier use. Finally the technique 
of tempering, reheating the metal 
to almost red heat and then cooling 
it slowly to remove internal stresses 
was developed. With the use of 
these three metal-working tech- 
niques, the iron age really began, 
for men could now vary the ability 
of the metal to be hardened and 
could control the hardness and brit- 
tleness of the steel produced. 

In Egypt the sequence of devel- 
opment of these techniques was: 
carburization—1200 B.C., quench- 
ing—800 B.C., and tempering—700 
B.C. In other regions where the 
technology of iron-making was less 
retarded, comparable but earlier 
dates for these developments are 
found. In the Near East and Asia 
Minor tlie peak of ancient iron met- 
allurgy came around 800 B.C. 

The discovery of iron was the 
last important metallurgical devel- 
opment of prehistoric times. From 
that time on, metallurgy was no 
longer a craft based on fortunate 
accidents alone, it was the begin- 
ning of a science. 
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A darning needle or grain of sand? 
E/C?? 

A singularity in a field? 

A ratio of accelerations? 


How is it held together? 


Is there a region of anti-matter 
extant in the cosmos? 


The nature of matter is important 
to Allison because energy conver- 
sion is our business and matter is 
convertible to energy. Thus, we have 
a deep and continuing interest in 
matter in all its forms. 


Basic to our business is an intimate 
knowledge of every form of matter 
— solid, liquid, gaseous. We search 
for this knowledge to increase the 
effectiveness with which we accom- 
plish our mission — exploring the 
needs of advanced propulsion and 
weapons systems. 
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Smith, College Relations, Personnel Dept. 
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Energy conversion is our business : 


The Willgoos Turbine Engine Test Facility is the world’s most 
extensive privately owned turbine development laboratory. De- 
signed and built specifically to test full-scale experimental en- 
gines and components in environments simulating conditions at 
extreme altitudes and speeds, it is currently undergoing expan- 
sions that will greatly increase its capacity for development test- 
ing of the most advanced forms of air breathing systems. 
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In chambers like this at the Willgoos Turbine 
Engine Test Facility full-scale engines may be 
tested in environments which simulate condi- 
tions ffrom sea level to 100,000 feet. Mach 3 
conditions can also be simulated here. 


In the new Fuel Systems Laboratory engineers 
can minutely analyze the effects of extreme en- 
vironmental conditions on components of fuel 
systems — conditions such as those encoun- 
tered in advanced types of flight vehicles 
operating at high Mach numbers and high alti- 
tudes. Fuel for these tests can be supplied at 
any temperature from —65°F to +500°F. 
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OPERATIONS 


Unmatched Engineering Facilities for Developing 
Advanced Flight Propulsion Systems 


Operations at Pratt & Whitney Aircraft are essen- 
tially those of an engineering and development 
organization. As such, an engineering atmosphere 
dominates the work being done, much of which di- 
rectly involves laboratory experimentation. 

In the past three decades, expansion at Pratt & 
Whitney Aircraft has been almost tenfold. In 
recent years, greatest emphasis has been on extend- 
ing engineering facilities to meet the needs of ad- 
vanced research and development programs in flight 
propulsion. 

Among the Connecticut P& WA facilities are 
many that are unequaled in the industry. Thus 
today, Pratt & Whitney Aircraft is better prepared 
than ever to continue development of the world’s 
best aircraft powerplants . . . to probe the propulsion 
future ... to build and test greatly advanced pro- 
pulsion systems for coming generations of flight vehi- 
cles — in whatever form they take. 


The Connecticut Aircraft Nuclear Engine Laboratory, 
operated by Pratt & Whitney Aircraft, is situated on a 
1,200-acre tract near Middletown. The Laboratory was 
specially built for the development of nuclear flight 
propulsion systems. 


For further information regarding an engineering career at Pratt & Whitney 
Aircraft, consult your college placement officer or write to Mr. R. P. Azinger, 
Engineering Department, Pratt & Whitney Aircraft, East Hartford 8, Connecticut. 


PRATT & WHITNEY AIRCRAFT 


Division of United Aircraft Corporation 


CONNECTICUT OPERATIONS — East Hartford 


FLORIDA RESEARCH AND DEVELOPMENT CENTER — United, Florida 
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Research at Cornell . . 


DIRECT FREEZING 
PURIFIES SALINE WATER 


With both an increase in popula- 
tion and a per capita increase in 
the amount of water used, the 
United States is faced with a pos- 
sible water shortage. Too rapid use 
of water near some urban areas has 
caused a sharp lowering of the 
water table, and, in those areas 
near the ocean, replacement of the 
fresh ground water by salty ocean 
water. In some urban and suburban 
communities, even in the East, 
water consumption is controlled 
during the summer months. 

The more arid countries of the 
Middle East, faced as they are with 
an explosive population growth, 
are in a worse situation. Their nas- 
cent industries may very well be 
hindered in development by water 
scarcity. For example, one pound 
of rayon fiber requires about two 
pounds of water, and one ton of 


steel requires 1.5 tons of water for 
manufacture. 

Working with a grant from the 
United States Department of the 
Interior, Professor Herbert F. Wie- 
gandt, of the School of Chemical 
and Metallurgical Engineering, is 
studying the feasibility of freezing 
salt water to obtain fresh water. 


Water on Shipboard 


The problem of obtaining fresh 
water from salt water is not new. 
Ocean-going ships have sometimes 
carried stills and the necessary fuel 
for the stills instead of carrying the 
fresh water required for extended 
voyages. Their approach is one way 
of achieving fresh water from salt 
water; namely, distillation. 

Another approach is to use ion 
exchange methods, in which mem- 
branes and electric currents are 


ISOBUTANE FRESH WATER 
CONDENSER 
f Ice WASH WATER 
LIQUID ISOBUTANE 

ISOBUTANE VAPOR 

SEPARATION 
COLUMN 
SEA ICE ICE BRINE 
WATER GENERATOR SLURRY 


COLD BRINE 


Steve Garrell 


A simplified schematic of the direct-freezing process shows that the cooled brine from 
the separation column can be used to pre-cool the sea water before the latter reaches 
the ice generator. f 
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used to, separate the unwanted min- 
eral ions from the water. 


Freezing Salty Water 


A rather different approach is to 
freeze the saline water. The ice 
which is formed is salt-free (and 
the residual brine more salty.) The 
Russians are thought to be working 
on this approach, and an Israeli en- 
gineer, Mr. Alexander Zarchin, has 
presented plans for a process to his 
government. 

The method developed by Pro- 
fessor Wiegandt is not similar to 
the method most people use to ob- 
tain ice—filling a tray and putting 
it in the refrigerator. An expanded 
ice-cube operation would be very 
expensive and inefficient engineer- 
ing. Water is the cheapest and most 
plentiful natural resource. In the 
United States, cities pay 30¢ per 
1000 gallons of drinkable water; ir- 
rigation water is much cheaper: 
12¢ per 1000 gallons. The freezing 
system must be carefully designed 
for eventual economy and sim- 
plicity. 

In Professor Wiegandt’s method, 
an immiscible refrigerant vaporizes 
in direct contact with the brine. 
The heat needed to vaporize the 
refrigerant is obtained from the 
brine (which is at a temperature 
of 24 degrees Fahrenheit), The 
brine separates into ice and more 
concentrated brine. The vaporized 
refrigerant is then compressed and 
condensed before again being avail- 
able to freeze more water. 

The ice-brine slurry passes into a 
separation column. Fresh water is 
introduced into the column and 
washes the ice free of brine. The 
ice floats at the top of the column, 
the wash water is in the middle, 
and the brine is at the bottom, 

(Continued on Page 51) 
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“8:30 a.m. With my test bureau fore- 
man, I plan work schedules for the com- 
ing week. Maintaining equitable sched- 
ules and being ready for emergencies is 
imperative for good morale and service.” 


“1:30 p.m. After lunch, I look in on a 
PBX and room-phone installation at an 
out-of-town motel. The installation super- 
visor, foreman and I discuss plans for 
running cable in from the highway.” 


“9:10 a.m. The State Police at Andover 
have reported trouble with a mobile 
radio telephone. I discuss it with the 
test deskman. Naturally, we send a re- 
pairman out pronto to take care of it.” 


central office at Denville, which is cut- 
ting over 7000 local telephones to 
dial service tomorrow night. I go over 
final arrangements with the supervisor.” 


“Well, that’s my job. You can see there’s nothing monotonous about it. 
I’m responsible for keeping 50,000 subscriber lines over a 260-square-mile 
area in A-1 operating order. It’s a big responsibility—but I love it.” 


Bill Bloomfield is moving ahead, like many young engineers in super- 
visory positions in the Bell Telephone Companies. There may be oppor- 
tunities for you, too. Talk with the Bell interviewer when he visits your 


campus and get the whole story. 
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WILLIAM F. BLOOMFIELD, B.S.1.E., LEHIGH, 53, SAYS: 


“Join me for a day at work?” 


Bill is Plant Service Supervisor for New Jersey Bell Telephone Com- 
pany at Dover. He joined the telephone company after graduation, 
has held many jobs to gain valuable experience. Now he has three 
foremen and 32 craft people working for him. “It’s a challenging 
job and keeps me hopping,” says Bill. “See for yourself.” 


“11:00 a.m. As soon as things are lined 
up at the office, I drive out to check on 
the mobile radio repair job. The repair- 
man has found the trouble — and to- 
gether we run a test on the equipment.” 


“4:00 p.m. When I get back to my office, 
I find there are several phone messages 
to answer. As soon as I get them out 
of the way, I'll check over tomorrow’s 
work schedule —then call it a day.” 


BELL 
TELEPHONE 
COMPANIES 
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To achieve umbrella-like radar protection, Hughes engineers 
have developed systems which position radar beams in space 
by electronic, rather than mechanical means. These unique 
three-dimensional radar systems are digitally programmed 
to instantaneously detect high speed enemy aircraft, even at 
low altitude. 


Another Hughes system using radar information is the 
Hughes Electronic Armament System. This system pilots 
high-speed jet interceptors from take-off to touch down... 
and through all stages of the intercept. Both radar and infra- 
red guidance systems direct today’s most sophisticated air- 


to-air guided missile—the Hughes Falcon. 


Research on the Maser (Microwave Amplification by Simulated 
Emission of Radiation) is directed towards applications of a 
portable, airborne Maser for missiles and aircraft. 


Members of our staff will conduct 


CAMPUS INTERVIEWS 


on March 12. For interview 
appointment or informational literature consult 
your College Placement Director. 


© 1088. HUGHES AIRCRAFT COMPANY 
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THAT NEVER LEAK 


Advanced new projects are under way in all areas of 
Hughes. Presently under study are Space Vehicles, Ballistic 
Missiles, Nuclear Electronics, Advanced Airborne Systems, 
AICBM, and Subsurface Electronics . . . just to name 
a few. Hughes Products, the commercial activity of Hughes, 
has developed an electronic control system which automates 
a complete and integrated line of machine tools. Also under 
way at Hughes Products is the development of revolution- 
ary new semiconductor devices. 


The highly advanced and diversified nature of Hughes 
projects—in the air, on the ground, and for industry—pro- 
vides an ideal environment for the graduating or experi- 
enced engineer. 


A laboratory for learning, Field Engineering at Hughes provides 
over-all systems experience in both guided missiles and advanced 
airborne electronics systems. 


the West's leader in advanced electronics 


HUGHES | 
HUGHES AIRCRAFT COMPANY 
Culver City, El Segundo, 


Fullerton and Los Angeles, California 
Tucson, Arizona 
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“The objects of this Society are to promote the welfare of the College of Engineering at Cornell University, 
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President's Message — SOME THOUGHTS ON TECHNICAL EDUCATION 


A great deal has been written in recent months 
about the shortage of engiaeers in this country. Fig- 
ures are widely quoted to indicate that our principal 
ideological competitor annually graduates twice as 
many as we do, and that 90 per cent of their technical 
graduates stay in technical fields (to the presumed 
benefit of scientific progress) compared to about 50 
percent here. 

There is reason to be concerned; the more particu- 
larly since the disparity seems to be increasing. How 
complacent dare we be about this situation? 

It may be argued that Engineering in Russia is less 
broadly based; less well-rounded than we think an 
engineering education should be. Without denying 
their individual competence within narrow fields we 
may feel that our engineers are a somewhat superior 
breed, able to operate effectively over a broad enough 
area so that one of ours is worth two or three of 
theirs. The fact that so high a proportion of our en- 
gineering graduates are successful in other fields is in 
itself some indication of the truth of this argument. 
One may indeed wonder what change would be made 
in the 90 percent figure if Russians were free to 
change jobs. 

Perhaps we may even justify the comparison to our 
own advantage by adding to the number of our engi- 
neering graduates all of the people who annually 
come up from the shop into engineering specialties, 
the “Associates in Engineering” from the many junior 
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colleges and technical institutes and the trade school 
graduates who acquire competence in specialized fields 
through technical training on the job. This does help 
the picture, and we should not sell these men short. 

But the thing that should really worry us, I think, is 
the trend in our education; the apparent acceleration 
of the disparity between ourselves and our opponents. 
Our situation is not getting better, but worse, in spite 
of all the comforting comparisons we can marshal. 

Let us look, for a moment, at our secondary schools. 
Fifty years ago nearly every public high school re- 
quired at least one year of algebra for all students. 
Today that requirement has been relaxed to a point 
where less than half as many high school graduates 
have taken algebra as in 1908! If this is the case with 
elementary mathematics, it is much worse in the sci- 
ences. In many high schools, trigonometry is not even 
taught! 

This is the place where some effort had better be 
expended, and soon! If we don’t find a way to turn the 
“progressivists” out of our public school system, to 
return to some degree of rigor in secondary education, 
to foster the thought that mathematics and science are 
a more worthwhile part of an educated man than 
“group adjustment” or “self-expression” we shall find 
ourselves not only short of scientists, but short even of 
those qualified to see the danger in our situation. 
Here is where the need is, and the need is urgent. 

—Roscor H. FuLLER 
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ALUMNI ENGINEERS 


Philip Will Jr., Arch. ’28, be- 
came first vice-president of the 
America Institute of Architects at 
their recent convention in Cleve- 
land. Around forty Cornell archi- 
tects attended this convention, in- 
cluding George B. Cummings, 
Arch. ’12, who was recently national 
president of the institute. One of 
the many discussions of the meet- 
ing was concerned with the neces- 
sity of making better construction 
cost estimates. If the architect is to 
effectively combat the “package” 
attraction, he must make his serv- 
ices as complete as possible. 


Robert O. Davison, ME ’21, is 
chairman of the Dairy Industries 
Supply Association Exposition Com- 
mittee, an exposition which is at- 
tended by about twenty-five thou- 
sand people. He is presently serv- 
ing his second term as director of 
the association, and is eastern divi- 
~ manager of Kelco Co. chemi- 
cals. 


Paul W. Drake, Arch ’21 was re- 
cently reappointed to the New Jer- 
sey State Board of Architects by 
Governor Meyner, and is vice- presi- 
dent of that board. Mr. Drake is 
also a member of the board of di- 
rectors of the National Council of 
Architectural Registration Boards. 
He conducts an architectural prac- 
tice with the firm of Drake, Tuthill, 
Convery & Cueman in Summit, 
New Jersey. 


Richard M. Gooley, BEE °52, is 
a technical advisor and evaluator 
for the Navy's BuPers in connection 
with a new, advanced fire control 
technician school at Great Lakes 
Naval Training Center. Mr. Gooley 
is a field engineer for Western Elec- 
tric. 


Herbert F. Moore, ME 99, MME 
03, research professor of engineer- 
ing materials, emeritus, University 
of Illinois, was honored at a lunch- 
eon in Urbana, Illinois, in Novem- 
ber by the American Railway Engi- 
neering Association and the Ameri- 
can Iron & Steel Institute. A bronze 


JANUARY 1959 


plaque will be presented to the 
University of Illinois in recognition 
of Professor Moore’s pioneering and 
pre-eminence in the study ot the 
fatigue properties of metals and 
especially his successful direction 
from 1931-44 of the joint investiga- 
tion of fissures in railroad rails, 
which contributed to the safety and 
economy of railroad operation. The 
plaque will be placed in Talbot 
Laboratory. Professor Moore was 
an instructor in Machine Design at 
Cornell from 1900-03. 


Peter J. Winokur Jr., BEE °43, 
is group supervisor engineer with 
Philco Corp. government and in- 
dustrial division. He is active with 
the Cheltenham Township, Pa., 
Science Seminar to further the sci- 
ence and mathematics education of 
school students. 


Robert C. Reisweber, BME ’52 is 
an aerodynamics section engineer 
with Ellicott Co., a division of Car- 
rier Corp. Last June he presented a 
paper “Design and Development of 
a Supercharger for a Pressure-Fired 
Boiler,” at the ASME semi-annual 
meeting. 


Edgar H. Dix, Jr., ME 14, MME 
16, was awarded the highest 
United States Navy civilian honor 
in November. Mr. Dix is the re- 
tired assistant director of research, 


Alumni News 


Philip Will, Jr. 


Aluminum Company of America. 

In ceremonies held in the Penta- 
gon, Garrison Norton, assistant sec- 
retary of the Navy (Air), presented 
to Mr. Dix the Distinguished Public 
Service Award for his outstanding 
contributions to the Navy in the 
fields of scientific research and de- 
velopment. 

Recognized internationally as 
the dean of aluminum metallurgy, 
Mr. Dix retired from Alcoa Sep- 
tember 1, 1958, following forty 
years of service with the company. 
He has been directly or indirectly 
responsible for the development of 
the majority of aluminum alloys in 
use today, according to Alcoa of- 
ficials. 

The Navy citation states, in part: 
“As assistant director of research 
of the Alcoa Research Laboratories 
of Aluminum Company of Amer- 
ica, Mr. Dix was the guiding intel- 
lect in the development of high 
strength, corrosion resistant alumi- 
num alloys which constitute the 
basic construction material in mod- 
ern, high performance naval air- 
craft. Mr. Dix has devoted a life- 
time to aviation in general; naval 
aviation, in particular, has bene- 
fitted greatly from his achieve- 
ments. His vision, technical compe- 
tence and efficient leadership have 
resulted in outstanding contribu- 
tions to the nation’s defense capa- 


bility.” 


Arthur J. Maahs, CE ’22, is man- 
ager of sales engineering for Johns 
Manville pipe division, a position to 
which he rose in 1953 after serving 
as staff engineer and chief engineer 
of the transit pipe division. Mr. 
Maahs was recently honored by be- 
ing inducted into the J-M quarter 
century club at a dinner ceremony 
at the Commodore in New York 
and given special commendation on 
his record of achievement by the 
chairman of J-M, A. R. Fisher. 


Victor J. Goetz, BSAE 50, has 
been appointed quality control su- 
pervisor, glass container plant, with 
Continental Can Co. His new posi- 
tion is with the Hazel-Atlas Glass 
Division in Washington. 
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This Can Be You...A 


Carroll W. Boyce, B.S. in Business 


and Engineering Administration, M.1I.T., today is a 


Assistant Editor; Associate Editor for editorial 
plans; Special Projects Editor. These steps up 
the ladder have brought Carroll to his present 
position of executive responsibility on McGraw- 
Hill’s FACTORY MANAGEMENT AND MAIN- 
TENANCE. 

Carroll Boyce is the author of numerous arti- 
cles; guest lecturer at Graduate Schools of Engi- 
neering and professional societies, Consultant to 
the Administrator, National Production Au- 
thority; member, American Society of Mechani- 
cal Engineers, the National Press Club and 
other leading organizations. 

“During my four years at M.I.T.,” relates 
Carroll, “I was an editor of the Tech Engineer- 
ing News. I discovered that I enjoyed both 
writing and engineering, so I decided to combine 
the two. Knowing that McGraw-Hill is the larg- 
est publisher of business magazines, I wrote a 
letter to the Personnel Department. In a way, 
it was probably the most important letter of my 
life. I was hired! 

“Since joining McGraw-Hill, I have been able 
to grow in professional stature; travel; partici- 
pate in society activities; meet interesting peo- 
ple; see nebulous concepts grow into accepted 
technology. There’s no doubt in my mind that 


key managing Editor of FACTORY Magazine 


engineering journalism is a rewarding, satisfy- 
ing career to me.” 

If an editorial career, reporting on new busi- 
ness and industry developments, with the op- 
portunity for advancement and a chance to 
become a leader in your profession, appeals to 
you, too—you’re the man we’re looking for! 

Send today for your copy of “Successful 
Careers in Publishing at McGraw-Hill.” Or 
write and tell us about yourself, your achieve- 
ments and career goals. Write to: 


Peter J. Davies 

Assistant Editorial Director 
McGraw-Hill Publishing Company, Inc. 
330 West 42nd Street, 

New York 36, N. Y. 


Advertising Sales Opportunities, too! 


Excellent job openings also exist for 
advertising sales careers on many of the 
34 McGraw-Hill publications, domestic 
and international. “Successful Careers” 
will give you the facts. 


McGraw-Hill 


le 


McGRAW-HILL PUBLISHING COMPANY, 


ry 


INC., 330 WEST 42nd STREET, 
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What’s in a brain? Carroll (standing) gets an advanced briefing on the latest devel- 
opments in the Univac Electronic Computer from Charles Katz of Remington Rand. 
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COLLEGE NEWS 


Edited by J. L. Schoenthaler, ME ’61 


SPACE RADAR SITE CHOSEN 
IN PUERTO RICO CANYON 

Cornell University’s proposed 
giant radar will be located at a site 
in Puerto Rico (Nov. 1958). 

Scientists picked the Puerto Rico 
location for the 1,000 foot bow] be- 
cause of its relatively low latitude 
and because of natural depressions 
in the land which could be used to 
support the device. 

Scientists had also considered a 
site in Texas for the big scanner. 
The radar, which will be as big as 
two football stadiums, will be used 
to probe out secrets of the iono- 
sphere, the region of the atmos- 
phere higher than 60 miles above 
the earth. It will also give scientists 
a picture of Venus’ cloud-covered 
surface, and of the face of Mars 
and the Sun. 

Estimated date of completion of 
the radar, which is being designed 
by Associate Professors William 
Gordon and William McGuire, is 
April, 1961. At that time, Venus 
will be comparatively close to earth 
and in a favorable position for 
viewing. 


AWARD GIVEN TO EE STUDENT 
FOR ELECTRONIC ACHIEVEMENT 


For recognition of high scholastic 
attainment and demonstration of 
outstanding potential in the field 
of electronics, James B. Comly of 
Bayside, New York, received a 
$250 scholarship award at Cornell 
University. 

Mr. Sheldon Williams, Manag- 
ing Director of the Blonder-Tongue 
Foundation, presented the award 
to Mr. Comly in the presence of 


Gary Klock 


Cornell engineers have prepared this 
model of a proposed radar site in Puerto 
Rico. 
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Professor William H. Erickson, Di- 
rector of the EE School, Professor 
L. F. Eastman, Project Advisor for 
Mr. Comly, and Mr. Donald H. 
Moyer, Director of Student Per- 
sonnel for the College. 

Comly resides at 702 University 
Avenue, Ithaca, and is a fifth year 
student in Electrical Engineering. 
He will be graduated in June, 1959. 

Supported by Blonder-Tongue 
Laboratories, Inc., Newark, N.]., 
the Foundation presents this annual 
award to the student who shows 
the greatest achievement in elec- 
tronics. 


JET ENGINE RESEARCH 
CONCERNS SAFETY FEATURES 


Cornell scientists are looking for 
a way to prevent rotating stall, a 
form of engine failure which plagues 
designers. The project is being car- 
ried out by Donald Earl Ordway, 
an Assistant Professor in the Grad- 
uate School of Aeronautical Engi- 
neering. 

Professor Ordway and_ several 
graduate students have spent hun- 
dreds of hours testing jet engine 
compressor blades in a cascade 
wind tunnel. The wind tunnel, in 
which air is blown over a row of 
blades that look like a venetian 
blind, gives scientists a chance to 
study the effects of air flow on 
some of a jet engine's moving parts. 

So far, the researchers have con- 
fined their investigations to fixed 
blades. The next step, to be car- 
ried out by Eric Brocher, a doc- 
toral candidate, will be construc- 
tion of a rotating device which will 
move the blades as if they were on 
an actual jet engine. 

Rotating stall starts when the air 
near an engine compressor blade 
strikes it at a sharply increasing 
angle. The blades flutter so vio- 
lently that vibrations are set up 
which sometimes destroy them 
completely. Cornell's researchers 
are trying to prevent rotating stall 
by ejecting a high velocity air 
stream from a slot at the rear of 
the blades. Known as the “jet flap 
principle,” this process greatly de- 


creases the possibility of rotating 
stall. 

So far, the researchers have cut 
the chances of rotating stall ap- 
proximately in half. If this success 
continues, engine efficiency will be 
increased and fewer stops will be 
necessary for fuel. 


PROF. SACK (EP) TO LECTURE 
TO NATO AIR RESEARCH GROUP 


Professor Henri Sack, currently 
on sabbatical leave, is now deliver- 
ing a series of lectures for the Ad- 
visory Group on Air Research and 
Development of NATO, concern- 
ing consulting methods of studying 
solid state properties by internal 
friction measurements. Prof. Sack 
has recently completed another lec- 
ture series at the University of 
Munich, and is now living in Brus- 
sels, where he acts as a consultant 
to the Centre D’Etude de L’Energie 
Nucleaire Mol Donk. 


WEATHER CONTROL ATTEMPTED 
BY FOURTEEN UNIVERSITIES 


Cornell University’s studies of 
the high atmosphere will give it a 
key role in a newly-formed Inter- 
University Corporation for Atmos- 
pheric Research. 

The corporation, which received 
its official launching at the Twelfth 
Annual Board of Trade Gold 
Awards Dinner in New York, Oc- 
tober 9, includes 14 universities 
from across the nation. Cornell’s re- 
search on the ionosphere and on 
solar radiation will give it a leading 
part in the project. Principal figures 
in this research have been Henry 
G. Booker, Professor of Electrical 
Engineering and Physics, and Wil- 
liam E. Gordon, Associate Profes- 
sor of Electrical Engineering Re- 
search. 

The aim of the non-profit corpo- 
ration is to bring together the 
knowledge, methods and equip- 
ment from some of the nation’s out- 
standing universities in an effort to 
learn more about the weather. Con- 
tributing scientists hope to acquire 
a better understanding of the rela- 
tionships between the upper and 
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lower layers of the atmosphere. 
From new insights in this and other 
areas, they hope to devise more ac- 
curate forecasting methods. 

Many of these men are also cau- 
tiously considering the possibility 
of eventual control of the weather. 
Cornell scientists say that before 
anything can be done about 
weather control, more must be 
learned about the weather itself. 
They add, however, that knowl- 
edge originating from inter-univer- 
sity endeavor may provide the 
means of such control. 


AEC GRANTS REACTOR 
LICENSE TO CORNELL 


The Atomic Energy Commission 
has officially granted the University 
the right to build its atomic re- 
actor (May 1958 issue). The Uni- 
versity has been given a class 104 
license for a dual core reactor 
known as the “facility.” Under the 
terms of this license, the University 
must have the reactor completed 
no earlier than June 30, 1959 and 
no later than January 31, 1960. 
This, of course, does not include 
the introduction of fuel material 
which is to be furnished by the 
Commission. The license, however, 
will expire after a period of twen- 
ty years from the date of the con- 
struction permit. 

The AEC has allocated 68 kilo- 
gram, of U-235 for the reactor which 
it terms as, “A light water moder- 
ated, dual core instructional and 
research reactor designed to op- 
erate at a thermal power level of 
ten kilowatts for research and at 
thermal power levels of less than 
ten watts for instruction.” This dual 
core reactor will be controlled by 
a single system of instrumentation 
and control, and only one of the 
cores may be in operation at the 
same time. 

Although the reactor is to be lo- 
cated on the southern edge of the 
campus with the nearest residence 
only 300 feet away, the AEC still 
considers the safety features as be- 
ing more than ample. The reactor 
has intake and exhaust ducts with 
tight dampers which close auto- 
matically, shielding of eighteen 
inch concrete walls and a 20,000 
cubic foot capacity dry-type gas 
holder, which is capable of being 
fed from the building by a purge 
pump. This will be sufficient to 
keep the building under a below 
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atmospheric pressure for at least 
five days if trouble develops. An- 
other safety factor is the mechani- 
cal limitation to control rod with- 
drawal. This limits the amount of 
excess radiation to only 1 per cent. 

The reactor was designed by 
Cornell University staff members, 
and the further design and modi- 
fications were by the Vitro Engi- 
neering Co. The operating cost 
will be met by appropriations to be 
included in the University’s budget. 


MACHINE DESIGN SEMINAR 
FEATURES MECHANISMS EXPERT 


Dr. Rudolf A, Beyer, of the Tech- 
nical University of Munich, Ger- 
many, spoke on the synthesis of 
mechanisms with practical applica- 
tions on November 4 at Upson 
Hall. Dr. Beyer, a well-known fig- 
ure in the field of machine design, 
has written many books on kine- 
matics of machinery, the most re- 
cent being Synthesis of Plane Mech- 
anisms and Elements of Space 
Mechanisms. He is in the United 
States at the invitation of some two 
dozen universities to further mech- 
anisms research here. 

Dr. Beyer finds “kinematics in 
good hands” here, but hopes that 
more intense interest can be de- 
veloped. Interest in this field is 
relatively recent compared to that 
of Germany. 

Synthesis of mechanisms involves 
achieving certain definite positions 


Mr. Sheldon Williams, right, Managing Director of the Blonder-Tongue Foundation, 
presents a $250 scholarship award to James B. Comly, EE ’59, for achievement in the 
field of electronics. Looking on is Prof. W. H. Erickson, Director of the School of 


of a link in a time relationship with 
a specified motion, The more the 
number of required positions, the 
more difficult is the design. Dr. 
Beyer used a sewing machine as an 
example: one knows the needle 
must traverse a point a specified 
number of times, and it behooves 
the designer to achieve this speci- 
fication given a source of motion, 
usually a rotating shaft. Dr. Beyer 
spoke only of one method of de- 
sign, but emphasized that there 
were many more. The seminar con- 
cerned itself primarily with syn- 
thesis of plane mechanisms of one, 
two, three, and four, required posi- 
tions. 


AERO LAB TO AID RESEARCH 
IN MID-AIR COLLISION PROBLEMS 


The recently created Federal 
Aviation Agency, charged with de- 
veloping a better airway, airport 
and control system for the nation, 
is receiving aid from Cornell Aero- 
nautical Laboratory, Inc. 

Under a contract with the Bu- 
reau of Research and Development, 
FAA, the Laboratory is conducting 
scientific research on several tasks, 
valued at slightly over $100,000. 
Particular attention is directed at 
mid-air collision problems, the Lab 
reported. 

In a major task, the Laboratory 
is studying conditions of civil and 
military test flight operations in the 
highly saturated Southern Califor- 
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nia region. Recent mid-air collisions 
have emphasized the threat in that 
area. 

Test flights of both military and 
civil aircraft are vital to aeronau- 
tical progress. These flights com- 
pose a significant segment of flight 
activity in the nation’s airspace, 
particularly in Southern California. 
FAA hopes to avoid unreasonable 
restraints of such activity and yet 
provide maximum safety. 

In another task, CAL is studying 
programs for testing the utility of 
an airborne proximity warning in- 
dicator to assist pilots in avoiding 
mid-air collisions. It also is investi- 
gating all the means currently avail- 
able which help pilots to see other 
aircraft in their vicinity. 

Other work for the Bureau in- 
cludes research into simulator in- 
puts, including flight trainers, as a 
means of developing an improved 
air traffic control system. CAL is 
also studying aircraft take-off and 
landing performance as an aid in 
airport design. 

As an overall guide for deter- 
mining airport and air traffic con- 
trol requirements, CAL will analyze 
the performance of several cate- 

ories of aircraft. These include jet 
jet and _piston-engined 
transports, seaplanes and smaller, 
private-type aircraft. 

In addition to its current work, 
CAL expects that future research 
tasks will be assigned to it by the 
Agency's Research and Develop- 
ment Bureau. 

The Laboratory has a_ broad 
background of research into prob- 
lems of air operations. Several pre- 
vious projects covered mid-air col- 
lision devices. 

CAL also contributed to two spe- 
cial reports to the President on air 
operations, including the recent re- 
port by Edward P. Curtis dealing 
with a 20-year forecast of aviation’s 
growth. The latter report con- 
tributed heavily to new federal or- 
ganization and planning for avia- 
tion. 


SIMULATION OF MACHINE SHOP 
BASIS FOR IE RESEARCH 


Richard W. Conway, assistant 
professor in the department of in- 
dustrial engineering, is heading a 
research project entitled “Investi- 
gation of Digital Systems Simula- 
tion.” The project is being spon- 
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sored by the Logistics Branch of 
the Office of Naval Research. Dr. 
Conway is being assisted by two 
graduate students in the depart- 
ment, Bruce Johnson, Rutgers, ME 
55, and William Maxwell, Cornell, 
ME ’57. 

The project deals with the prob- 
lems encountered in a production 
machine shop. An IBM 650 com- 
puter is being set up in representa- 
tion of the operation of a shop. It is 
programmed to simulate the oper- 
ating characteristics of the ma- 
chines and the shop in general. 
From these characteristics, the ef- 
ficiency of various methods can be 
determined. The results will include 
such details as effective scheduling 
of production and determination of 
required equipment. 

This system will be useful in 
both education and industry. Grad- 
uate students will use it to test 
their theses and compare them to 
accepted ideas. Industry will use it 
to improve the efficiency of their 
shops. 

The project was begun last May. 
To date, two papers have been 
completed. The first was presented 
last October at the fifth interna- 
tional meeting of the Institute of 
Managerial Sciences. The findings 
have already been sent to various 
universities for the use of their 
graduate students and to industries 
anxious to improve their production 
techniques. 


FACULTY MEMBERS ATTEND 
ASME ANNUAL MEETING 


The annual meeting of the Ameri- 
can Society of Mechanical Engi- 
neers was held in New York during 
the first week of December. Several 
members of the staff of the Sibley 
School of Mechanical Engineering 
participated. 

Prof. G. B. DuBois presented a 
paper entitled “Surface Finish and 
Clearance Effects on Journal—Bear- 
ing Load Capacity and Friction,” 
which was prepared by Prof. Du- 
Bois and Prof. F. W. Ocvirk. Prof. 
H. N. McManus Jr. presented a pa- 
per entitled “The Effect of Fuel 
Types and Admission Methods on 
Combustion Efficiency.” The paper 
was prepared by Prof. McManus in 
conjunction with Prof. W. E. Ibele 
and Prof. T. E. Murphy, both of 
the University of Minnesota. 

Many professors were members 


of special committees, Prof. H. J. 
Loberg, Director of the Sibley 
School, participated as a member 
of the Professional Division's execu- 
tive committee, which reported on 
a sponsored research project on en- 
gineering education. Prof. B. W. 
Saunders was a member of the ex- 
ecutive committee of the Materials 
Handling Division. Prof. D. G. 
Shepherd was on the executive 
committee of the Gas Turbine Di- 
vision. Prof. B. Gebhart acted as 
adviser to the Student Branch of 
ASME. 

Other Faculty members partici- 
pating in committee work were 
Prof. R. M. Phelan, Prof. A. H. 
Burr, and Prof. W, C. Andrae. 


VACUUM INDUCTION FURNACE TO 
BE USED FOR INSTRUCTION 


Students of metallurgical and 
nuclear engineering at Cornell 
University will learn the latest tech- 
niques of vacuum melting and re- 
fining with the help of a new Stokes 
induction heating, vacuum furnace. 

The unit has its own complete 
vacuum pumping system, which 
consists of a series of pumps, in- 
cluding a mechanical pump whose 
intake corresponds to the exhaust 
of two “booster” pumps. This sys- 
tem is capable of producing a fur- 
nace chamber pressure of less than 
a micron of mercury, about a mil- 
lionth of a standard atmosphere. 

Metal is melted in crucibles by 
induction heating with water cooled 
coils in the vacuum chamber. Cur- 
rent through the coil is provided by 
a thirty kilowatt motor-generator at 
a frequency of 4500 c.p.s. The volt- 
age across the coil, and therefore 
the current, is controlled at a con- 
sole near the furnace. The crucible 
of molten metal can be tilted by 
operation of a lever at the side of 
the vacuum chamber. This enables 
the metal to be poured into a mold. 
This vacuum processing furnace is 
capable of melting and pouring 
seventeen pounds of metal. 

The furnace was purchased with 
a grant from the Atomic Energy 
Commission. Instruction in its use 
is being supervised by Prof. James 
L. Gregg of the Chemical and Met- 
allurgical engineering school. It is 
one of the first of such units to be 
installed in an American university 
primarily for undergraduate educa- 
tional purposes. 
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MECHANICS AND MATERIALS DEPT. 
ANNOUNCES FACULTY ACTIVITIES 


Three professors have recently 
completed papers. Prof. T.  P. 
Mitchell of the Department of 
Mechanics and Materials will pre- 
sent his paper, entitled “The Non- 
linear Bending of Thin Rods” at the 
annual meeting of the American 
Society of Mechanical Engineers, 
December 1, at New York City. 

Analytical Chemistry Journal will 
soon publish two papers by Prof. 
A. L. Ruoff. The papers are “The 
Diffusion Analogy for Fluid Flow 
in Paper” and “Analysis of a Non- 
uniform Pore Model for Fluid 
Flow.” 


Prof. J. W. Dally has recently co- 
authored a paper “Photoelastic 
Study of Stress Wave Propagation 
in Large Plates.” It was presented 
November 14 at Albany, New York, 
at the annual meeting of the So- 
ciety for Experimental Stress 
Analysis. 

Prof. P. P.  Bijlaard’s study, 
“Method of Split Rigidities and its 
Applications to Various Buckling 
Problems” was published in July, 
1958 by the National Advisory Com- 
mittee for Aeronautics. Prof. Bij- 
laard has also completed a series of 
reports on the theory of “Stresses 
in a Spherical Vessel” for the Pres- 
sure Vessel Research Committee, 
and this theory is now being in- 
vestigated for. experimental con- 
firmation by Prof. J. W. Dally. Prof. 
Bijlaard has also written “Difter- 
ential Equations for Cylindrical 
Shells,” which appear in the Sep- 
tember 1958 Journal of Aero Space 
Sciences, and his theory on buck- 
ling appears in “Ausbeulen” by 
Kollbrunner and Meister, recently 
published in West Germany. 

The Department is now engaged 
in a research program to determine 
experimentally the feasibility of 
using coated nylon as a parachute 
material at 2,000 degrees Fahren- 
heit and Mach 5 (3000 mph). The 
experimental work was done in a 
hypersonic wind tunnel at the Ar- 
nold Engineering Development 
Center in Tullahoma, Tennessee, 
by Messrs. R. H. Cornish, C. W. 
Beadle, F. J. Ahimaz, and D. Win- 
tringer. They are working under 
the auspices of the Wright Air De- 
velopment Center. 
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ENOUGH FUEL TO DRIVE AN 
MUTOMOBILE TO THE MOON. 


“HAMILTON STANDARD’S 


fuel control 
a the JFC 12-11 on the 
BOEING 707 


meters about 16,000 gallons of 

fuel in 7 hours. At 15 miles 

per gallon, an automobile would consume 
that much in 240,000 miles. 


This amazing performance is accomplished by the JFC 12-11. 
This lightweight, rugged, and highly sensitive unit contains a 
computing system and a metering system to control engine 
thrust. Such precision engineered components as pressure sens- 
ing bellows, multiplying linkages, servo pistons, filtering systems, 
relief valves and “three D” cams must function simultaneously 
to meter required fuel flow for top performance. The basic 
control features have been proven by over a million hours of 
actual flight time. 


If you 

are interested in 
designing and developing 
such products 
as this, 

contact 

Timothy K. Bye 
Engineering 
Personnel 
Coordinator, 

or arrange for 
an interview 


with your 
college placement officer. 


| 
* 
a.* 
eA 
2 j ay 
y 
| 
2 
| 
HAMILTON STANDARD 
bee 
DIVISION OF UNITED AIRCRAFT CORP. 
02 BRADLE D ROAD DSOR LOCKS, CO CTICUT 
41 


Match your interests and training to challenging programs 
in research, development and assessment of weapons systems at 


The Applied Physics Laboratory 


OF 


The Johns Hopkins University 


APL—with a professional staff of some 600 engineers, physicists, 
chemists and mathematicians—directs the development of Terrier, Talos, 
Tartar and other advanced guided missiles for the U. S. Navy. Develop- 
ment of future devices and systems, and the assessment of such systems 
in terms of the needs of the military, are major efforts of the Laboratory. 
Both applied and fundamental research are necessary. 

Each new staff member is given an opportunity to select his initial 
assignment within the technical group having openings in his field. The 
variety of openings encompasses work in all of these fields: Electronic 
Design and Development; Aerodynamics; Mechanical and Aeronautical 


Design; Applied Research and Analysis; Research. 


Guided Missiles Orientation Program 
and Academic Training 


Recent college graduates and holders of 
Master’s degrees who join the APL pro- 
fessional staff now participate in a new full- 
time training program aimed at orienting 
them to work in the guided missiles field. 
They enjoy full salary throughout the dura- 
tion of the six-month course of advanced 
study and specialized assignments. Lectures 
and seminars chaired by APL leaders occupy 
the first three months, while the second 
period enables participants to devote half of 
their time to attendance at lectures and the 
other half to work in our technical groups 
where they apply their skills and knowledge 
to actual assignments. 

The Laboratory pays full tuition for the 
successful completion of evening courses 
taken at any of the five excellent universities 
in the area. Up to six hours per week time 
off is granted for courses during the day. 


Assignment and Development 


The new staff member is given an oppor- 
tunity of selecting his initial assignment 
within the technical groups that have open- 
ings in his field. Usually he is assigned to a 
project under the supervision of a senior 
engineer or scientist and is encouraged to 
develop a high degree of technical compe- 
tence in one or more fields. Advancement in 
both technical and supervisory responsi- 
bilities is rapid due to the Laboratory’s 
central role in a large program. 


Facilities and Living 


The Laboratories are modern, of course, 
air-conditioned, and exceptionally well 
equipped. Conveniently located in very de- 
sirable suburbs of Washington, D. C. and 
also convenient to Baltimore, Maryland, 
you will find gracious living conditions and 
complete recreational facilities. 


Arrange with your placement officer to meet the APL representative 
when he visits your campus, or write to: 
E. E. Landefeld 
The Johns Hopkins University 
Applied Physics Laboratory 
8621 Georgia Avenue 
Silver Spring, Maryland 
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This could be the most valuable reading you’ve ever done! 


JUST PUBLISHED—YOURS FREE! An interest- 
ing, comprehensive, 16-page brochure that will answer 
your questions about how to use your training and 
talents to your best advantage in the job you select. 
The story is too big, too diverse and too detailed to tell 
here—that’s why we ask you to let us send it to you. 


Get this preview of a whole range of exceptionally 
promising futures for the price of a postage stamp. 
Find out how a fast-growing company encourages 
engineers and scientists to develop their potentialities 
to the fullest. 


HIGHLIGHTS FROM THIS HELPFUL BOOK: 
Raytheon’s Record — review of pace-setting activities in 
electronics that widen horizons for you. 


Research Program—suggestions for your future in either 
“pure” or applied research. 


Development and Design Program — prospects for you in 
the practical application of research to the manufac- 
ture of new electronic products and components. 
Manufacturing Techniques Program —latest production 
processes outlined for you who are inclined toward 
supervision and management positions. 


Application and Sales Program — advantages to you in 
world-wide field engineering activities; rewarding 
opportunities in electronic sales. 


AND — important facts you want to know about indi- 
vidualized training, your advancement opportunities, 
chances for advanced study; company policies and bene- 
fits; plant locations; living and recreational prospects. 


For Your FREE Copy-Mali This Coupon! 


COLLEGE RELATIONS DEPARTMENT 

RAYTHEON MANUFACTURING COMPANY 

1360 SOLDIERS FIELD ROAD 

BRIGHTON 35, MASSACHUSETTS 

Pease send me, without cost or obligation, Your Life and 
Your Future at Raytheon. 


Name. 


Address. 


City. Zone. State. 


Name of College or University. 


When writing to advertisers please mention the ConneLL ENGINEER. 
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STRAIGHT TALK TO ENGINEERS 
from Donald W. Douglas, Jr. 


President, Douglas Aircraft Company 


The “Space Age” isn’t going to become a fact 
by itself. We engineers have to make it happen. 
Here’s what Douglas is doing about it: 

We’ve formed a top level engineering council 
to bring all our knowledge and experience to 
bear on the new problems relating to extreme 
high speeds and altitudes and to outer space. 

This council is composed of the heads of our six 
major engineering divisions and is chairmanned 


When writing to advertisers please 


by our senior engineering vice president. It will 
map out the most important goals in aviation and 
mobilize the scientific and engineering resources 
required to achieve them. 

If you would like to become a part of our stim- 
ulating future, we’ll welcome hearing from you. 
Write to Mr. C. C. LaVene 
Douglas Aircraft Company, Box B-600 
Santa Monica, California. 
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QUESTIONS CORNELL 
STUDENTS ASK MOST OFTEN 


about today’s opportunities at Alcoa 


1. What are the opportunities for a graduate with 
my degree? 


Alcoa has openings for graduates with most types of 
degrees each year. Opportunities exist in engineering, 
production, research, development and sales for Me- 
chanical, Metallurgical, Electrical, Industrial, Chem- 
ical and Civil Engineering graduates and for Chemists 
for research. 


2. Where will I be located if I am employed by 
Alcoa? 


Assignments for new Engineering and Production 
employees are at one of 30 Alcoa operating locations. 
New Sales Engineering and Sales Administration 
employees, after their six-month training program, 
go to one of Alcoa’s 72 sales offices. Sales Develop- 
ment and Process Development employees work 
either at New Kensington, Pa., or Cleveland, Ohio. 
Research employees are assigned to one of Alcoa’s five 
research locations. 


3. What type of training program does Alcoa offer? 


The training program varies with the type of job. 
Some are formal programs where concentrated atten- 
tion is given groups of new men. Other training for 
individuals is more specialized. 


4. What is the starting salary at Alcoa? 


Alcoa pay is based on initial allowance for a basic 
four-year degree. Additional credit is given for ad- 
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vanced educational training, length of military serv- 
ice and amount and type of previous work experience. 
Future salary progress depends entirely on indi- 
vidual merit. 


5. If am hired, will Alcoa pay moving expenses? 


Yes. Alcoa will pay transportation and moving ex- 
penses for you and your family to your first and all 
subsequent assignments. 


6. How does Alcoa insure personal recognition 
for its people? 


Alcoa’s personnel policies call for regular performance 
appraisals, individual opportunity for advanced man- 
agement training, confidential and individual salary 
consideration and promotion from within the company. 


7. How do I apply for a position with Alcoa? 


Contact your placement officer to arrange an inter- 
view. If you would like more details immediately, 
write Manager, College Recruitment, 809 Alcoa 
Building, Pittsburgh 19, Pa., for the newly revised 
booklet, A Career For You With Alcoa. 


ALCOA ©. 


Your Guide to the Best 
in Aluminum Value 
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TECHNIBRIEFS 


Edited by R. A. Wolf, EP ’61 


ARMY RADAR SYSTEM PERFORMS 
THREE TASKS SIMULTANEOUSLY 


A new “three dimensional” radar 
system which detects airborne tar- 
gets at extreme range and for the 
first time simultaneously computes 
distance, bearing, and altitude has 
been developed for the Army by 
the Hughes Aircraft Company. 

Called Frescanar, the new radar 
system is the eyes of the “Missile 
Monitor,” an air defense guided 
missile fire distribution system fpr 
mobile use with a field army. The 
new radar device is considered one 
of the most important advances 
made in electronic detection since 
the development of radar. 

The Frescanar system concen- 
trates all available power into sharp 
pencil beams of energy flashing on 
and off in fan-shaped array to pin- 
point targets at great distances with 
extreme accuracy. The electronic 
beam scans rapidly and greatly in- 
creases the number of _ targets 
which can be tracked at the same 
time. It provides better separation 
of closely-spaced targets with a 
minimum of ground clutter. 


The amount of auxiliary equip- 
ment necessary with the system is 
also greatly decreased since Fres- 
canar computes range, bearing, and 
altitude at the same time and also 
requires only one operator and 
master control while conventional 
systems require two or more of 
each to achieve similar results. 
Thus, the weight of the system and 
the number of personnel needed 
are sharply reduced. The entire sys- 
tem consists of an equipment van, a 
power truck, and an antenna trailer. 

In use, an inflatable radome of 
fabricated nylon vulcanized to two 
layers of neoprene-coated fabric 
and weighing about six hundred 
pounds envelopes the operating an- 
tenna to protect it from wind, snow, 
and ice. 

As it is used by the Army in the 
field, the radar detects targets and 
three-dimensional information is 
fed electronically to the radar data 
processing center. Here the data is 
converted into digital form and is 
sent to various key points of the 
command. Thus, the group com- 
mander can have complete infor- 


Hughes Aircraft Co. 


This huge antenna simultaneously detects in three dimensions, distance, bearing and 
altitude, of multiple airborne targets for the revolutionary Frescanar radar system. 


The plastic radome surrounding the antenna is made of a fabricated nylon vulcanized 


to a neoprene-coated fabrid, and serves to protect the antenna from wind, snow, and ice. 
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mation on the aircraft in his area 
instantaneously and can assign tar- 
gets to appropriate batteries. 


TINY MAGNETIC RODS HELP 
COMPUTERS THINK FASTER 


The National Cash Register 
Company has developed a mag- 
netic device the size of a pin which 
promises to increase the “thinking” 
speed of future electronic comput- 
ers ten to twenty times and make 
possible new missile and satellite 
advances. It can be used both as a 
switching and information storage 
element. 

The device consists of a glass rod 
about fifteen thousandths of an 
inch in diameter, which is given a 
magnetic coating by a special elec- 
tro-chemical process. Small wind- 
ings of wire around the rod store 
the information. 

The new glass rod devices are ex- 
pected to find many applications in 
the field of commercial data-proc- 
essing systems. By handling infor- 
mation much faster than conven- 
tional switching and memory units, 
they will reduce the amount of 
equipment necessary for any given 
task. The actual top speed of the 
device is as yet unknown. However, 
research models have exhibited 
switching times as low as four mil- 
limicroseconds. Another feature of 
the new computer components 
which will make them useful in 
computers is that, in contrast with 
present memory devices, the rods 
lend themselves to fairly inexpen- 
sive production techniques. 

The rods will also make possible 
lighter computer units in missiles 
and satellites because they require 
very little space for the storing of 
information. For example, a mem- 
ory system the size of a pack of cig- 
arettes could store eight thousand 
bits of information. Improved tech- 
niques in the winding of wires 
around the rods will make even 
greater compactness possible. The 
new system also reduces the re- 
quired size of the source of power 
because of its very low consump- 
tion of current. It takes only one 
twenty-thousandth of a watt to 
store one piece of information on a 


rod. 
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Another property which will 
make these rods useful in missiles 
is their insensitivity to temperature. 
A magnetic rod can operate at a 
temperature three hundred degrees 
higher than the conventional com- 
ponents. 


SUPER-PRECISE EXPERIMENTS 
CONFIRM RELATIVITY THEORY 

A unique, high-precision experi- 
ment performed by scientists from 
IBM and the physics department of 
Columbia University has given 
strong further confirmation of Ein- 
stein’s Special Theory of Relativity. 

According to the Theory of Rela- 
tivity, the velocity of any electro- 
magnetic vibration including light 
is independent of the velocity of 
the beam source relative to any 
given reference system. Before the 
advent of the Theory of Relativity, 
it had been thought that no wave 
form could be transmitted in the 
absence of a medium of some kind. 
Scientists therefore theorized that 
there was a medium permeating all 
space, the so-called ether. How- 
ever, if this were true and electro- 
magnetic vibrations had properties 
similar to sound waves, then the 
time required for a beam of light to 
travel between two points a fixed 
distance apart would depend on 
the velocity of these two points 
with respect to the ether. 

Experiments, starting with the 
classic Michelson-Morley  experi- 
ment in 1887, generally confirm Ein- 
stein’s theory by showing that, to 
the limit of the accuracy of the 
measurements, the velocity of light 
was constant despite differences in 
the velocity of the sender with re- 
spect to the ether. However, if 
there were any variations in the 
velocity of light due to the ether ef- 
fects they would have to be ex- 
tremely small relative to the large 
velocity of light; the accuracy of 
these experiments was rather lim- 
ited because of the methods used, 
so that they could not establish the 
validity of Einstein's statement con- 
clusively. 

The recent experiments done at 
Columbia using a “MASER” ( Mi- 
crowave Amplification by Stimu- 
lated Emission of Radiation) 
showed that if there is a change in 
the velocity of light due to the dif- 
ferences in the velocity of the emit- 
ter with respect to the ether, then 
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National Cash Register Co. 


One of the tiny rod elements is inserted into a memory assembly to demonstrate the 

ease with which computer components may be assembled with the use of the mag- 

netically treated rods. Each rod element consists of a glass rod about fifteen thou- 

sandths of an inch in diameter covered with a layer of conducting material with a 
magnetic coating. 


that change is less than one-fiftieth 
as large as had been shown in pre- 
vious experiments. 


NEW NAVY BALLOON STAYS UP 
AUTOMATICALLY FOR DAYS 


The Navy has recently tested a 
revolutionary new type of super- 
pressure balloon which will stay 
aloft for days without using x ballast. 

In normal ballasted balloon 
flights, the balloon is partially in- 
flated at launching. As the balloon 
rises, heat from the sun’s rays ex- 
pands the helium and excess gas 
is automatically valved off to pre- 
vent the balloon from bursting. At 
sunset, when the helium contracts 
and the balloon loses buoyancy, 
ballast is dropped to make the bal- 
loon system lighter and allow it to 
return to its original altitude. 

The skin of the new Navy bal- 
loon is strong enough to withstand 
considerable extra pressure from 
the gas inside. This extra strength 
provides the balloon with much 


greater operating flexibility. For in- 
stance, before the recent launching 
of one of these experimental bal- 
loons, the balloon was filled with 
sufficient helium to carry it to an 
altitude of 65,000 feet. The valve 
was then sealed. By the time the 
balloon had reached the predeter- 
mined altitude, the gas had ex- 
panded sufficiently to fill the vol- 
ume of the balloon completely and 
cause an inside pressure somewhat 
greater than the pressure of the air 
outside. The balloon’s skin, how- 
ever, was able to withstand this 
pressure and the volume of the gas 
did not increase appreciably. Then, 
at night, as the gas cooled, the vol- 
ume remained ss same as the pres- 
sure inside the balloon dropped to 
near that of the surrounding atmos- 
phere. Thus, the system remained 
at a constant altitude. 

The balloon used in this test had 
a volume of 16,500 cubic feet and 
was constructed of .002 inch Du- 
Pont “Mylar.” The 110 feet long 


cylindrical balloon carried a pay- 
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sonde instruments to transmit infor- 


M S outstandin g desi gn SERIES | pounds which included Transo- 


roll your Own! 


Speeding up our national road-building program 
is the goal of this design by Russ Henke of Elm Grove, 
Wisconsin. His behemoth of a machine literally chews 
up unmapped earth, compacts it with asphalt or mac- 
adam, stabilizes it, and lays a ribbon of paved road 
behind as it rumbles along! Crew and engineers ride 
in an air-conditioned cabin, and monitor the whole 
process by control instrumentation. 


Tomorrow’s roads may be squeezed out like 
toothpaste, but outstanding ideas for tomorrow are 
still produced in the old-fashioned, painstaking, hu- 
man way. And only professionals know how the best 
in drafting tools can smooth the way from dream to 
practical project. 

In pencils, of course, that means Mars, long the 
standard of professionals. Some outstanding new prod- 
ucts have recently been added to the famous line of 
Mars-Technico push-button holders and leads, Lumo- 
graph pencils, and Tradition-Aquarell painting pencils. 
These include the Mars Pocket-Technico for field use; 
the efficient Mars lead sharpener and “Draftsman” 
pencil sharpener with the adjustable point-length fea- 
ture; Mars Lumochrom, the color-drafting pencils and 
leads that make color-coding possible; the new Mars 
Non-Print pencils and leads that “drop out” your 
notes and sketches when drawings are reproduced. 


The 2886 Mars-Lumograph drawing pencil, 19 de- 
grees, EXEXB to 9H. The 100] Mars-Technico 
push-button lead holder. 1904 Mars-Lumograph 
imported leads, 18 degrees, EXB to 9H. Mars- 
Lumochrom color-drafting pencil, 24 colors. 


JS. S TAEDTLER, INC. 


HACKENSACK, NEW JERSEY 


at all good engineering and drawing material suppliers 
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mation as to the pressure, altitude, 
and location of the balloon. 

Through the use of this strong 
plastic skin, a balloon can stay at a 
constant altitude for a much longer 
time than was previously possible 
and, at the same time, carry a 
larger payload because there is no 
necessity for ballast. 


DATA FROM SPUTNIK Il AIDS 
IN SPACE FLIGHT RESEARCH 


Research on two of the problems 
of manned space flight has been 
aided by data received from Sput- 
nik II about the condition of the 
small dog that lived in the Russian 
satellite for several days. 

One of the great problems in- 
volved in a man’s being propelled 
into space by a rocket is that he 
would have to undergo tremendous 
acceleration during his ascent. His 
circulation would be changed 
greatly since the blood would be 
forced toward the lowest point of 
his body. 

The information obtained about 
the physiological functions of the 
dog in Sputnik II were interesting 
in this regard. According to the re- 
port of two Russian medical doc- 
tors, the frequency of the animal's 
heart contractions immediately af- 
ter takeoff was triple the normal 
rate. Later, as the acceleration in- 
creased, the frequency began to di- 
minish. The dog’s breathing be- 
came shallow and fast as the ac- 
celeration increased. At maximum 
acceleration, its breathing rate was 
three or four times normal. How- 
ever, the dog was able to stand the 
tremendous force and was in com- 
paratively good health as the satel- 
lite began to circle the earth. 

As the satellite rotated around 
the earth, the dog experienced com- 
plete weightlessness for a_pro- 
longed period. Humans have been 
subjected to this condition artifi- 
cially for short periods and it is 
known that the muscular coordina- 
tion and balance are seriously af- 
fected, However, according to the 
data from Sputnik, the lack of grav- 
ity produced no significant changes 
in the bodily functions of the dog. 

The data received from the satel- 
lite generally confirms the idea that 
animals or humans are physically 


capable of space flight. 
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FRIGERAT 


The vortex tube is a refrigerating 
machine with no moving parts. Com- 
pressed air enters the vortex chamber 
pictured here and spins rapidly down 
an attached tube. Pressure and tem- 
perature differences build up, forcing 
cold air out one end and hot air out 
the other. Requiring no maintenance, 
a large vortex tube developed by 
AiResearch scientists and engineers 
can be permanently sealed in nuclear 
reactors, and has many uses in indus- 
tries with spot cooling problems. 
Many such pioneering develop- 


ments are underway in challenging, 
important work at AiResearch in 
missile, electronic, nuclear, aircraft 
and industrial fields. 

Specific opportunities exist in sys- 
tem electronics and servo control 
units; computers and flight instru- 
ments; missile auxiliary power units; 
gas turbine engines, turbine and air 
motors; cryogenic and nuclear sys- 
tems; pneumatic valves; industrial 
turbochargers; air conditioning and 
pressurization; and heat transfer, 
including electronic cooling. 


PARTS 


ENGINEERING AT GARRETT 
OFFERS YOU THESE ADVANTAGES: 


e An eight-month orientation pro- 
gram is offered prior to permanent 
assignment to help you aid us in 
determining your placement from 
a variety of analytical or develop- 
ment projects. 


e Intensified engineering is con- 
ducted by small groups where 
individual effort and accomplish- 
ment is quickly recognized provid- 
ing opportunity for rapid growth 
and advancement. 

e Advanced education is available 
through company financial assist- 
ance at nearby universities. 


THE (-7.\ 1-134) CORPORATION /u!l information write to Mr. G. D. Bradley 


9851 S. SEPULVEDA BLVD., LOS ANGELES 45, CALIFORNIA 


AIRESEARCH INDUSTRIAL @ AERO ENGINEERING @ AIR CRUISERS @ AIRESEARCH AVIATIGN SERVICE 
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There’s much more to it 
than just the size of the FISH 
and the size of the POND 


O 


We've been told that an engineering graduate is frequently attracted to 
companies our size because of his understandable human desire to be “a big 
fish in a little pond”, 


While it is true that (numerically speaking) our employee team is small 
compared to some, we encounter great difficulty in trying to think of Sikorsky 
Aircraft as a “little pond’’. Our contributions to the field of rotary-winged 
aircraft have not been small, nor can our field be considered limited or pro- 
fessionally confining. Quite the contrary. Sikorsky Aircraft is the company 
which pioneered the modern helicopter; and our field today is recognized as 
one of the broadest and most challenging in the entire aircraft industry. 


And what of the size of the “‘fish’’) 


Unquestionably, that is a matter involving your own indi- 
vidual potential for growth. Like any far-sighted company, 
we're always willing to talk with “young whales”! 


For factual and detailed information about 
careers with us, please write to Mr. Richard 
L. Auten, Personnel Department. 


SIKORSKY AIRCRAFT 
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RESEARCH AT CORNELL 
(Continued from Page 30) 


when the washing operation has 
been completed. The favorable 
densities thus yield a bonus; the ice 
is not in contact with the brine and 
cannot be re-contaminated. 


Energy Efficiently Used 

This simple yet elegant scheme 
is further improved by the use of 
heat exchangers to conserve energy. 
For example, the vaporized refrig- 
erant must be compressed and con- 
densed to use it for making more 
ice. A look at the thermodynamics 
of the process shows that a direct 
contact between the compressed 
vapor and ice is best. The washed 
ice from the separation tower is 
thereby melted to fresh water, 
easier to handle than ice itself, and 
the refrigerant condensed. The re- 
frigerant is separated and sent back 
to the ice generator for another 
cycle. The fresh water is pumped 
out as product. 

The best refrigerant proposed is 
the low molecular-weight hydro- 
carbon iso-butane, C,H, . In the 
Olin Hall experiments, iso-butane 
is not being used because of the 
great fire and explosion hazards at- 
tendant on its use. Instead, non- 
flammable chlorinated hydrocar- 
bons are used. A minor difficulty in 
the use of these chlorinated refrig- 
erants has been the formation of 
water-hydrocarbon compounds, or 
hydrates. The compounds are crys- 
tals which can clog pipes. Hydrate 
complications are not expected 
from iso-butane. 


Toward the Future 

Whether the system will be used 
on a large scale will depend on 
many factors: efficient compression, 
corrosion problems, investment cost, 
labor, maintenance, and power 
costs. After his study is completed, 
Professor Wiegandt says it is up to 
the Government to authorize the 
building of a pilot plant to pursue 
the matter further, 

Assisting Professor Wiegandt are 
Messrs. Jay Markley, and Charles 


Krutchen, grad students, and Mr. 

John Slack, 5th year chemical engi- 
neering student. 

by William J. Krossner, 

ChemE ’61 
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AIR CONDITIONING, REFRIGERATION, HEATING 
and HEAT TRANSFER PRODUCTS 


*Inner-fin tube has an 
"R" factor (internal 
coefficient) of 5.05. 
This spirally wound sur- 
face is an excellent tur- 
bulence promoter. It 
positively prevents 
channeling and has the 
highest value of overall 
heat transfer coeffi- 
cient of all types of 
heat transfer coils. 


Inner fin is the patented Dunham-Bush 
development which has revolutionized the 
design of heat transfer equipment. It has 
introduced a basic new concept of heat 
transfer engineering, permitting units of 
smaller, lighter construction. 


Engineering developments such as inner-fin 
tubing are commonplace at Dunham-Bush 
... Where progress in heating, air condi- 
tioning, refrigeration and specialized heat 
transfer products is an everyday occurrence. 


* AIR CONDITIONING 
HEATING 


REFRIGERATION 
© HEAT TRANSFER 


Dunham-Bush, Inc. 


WEST HARTFORD 10, 
SALES OFFICES LOCATED IN PRINCIPAL CITIES 


e CONNECTICUT, e@ U.S.A. 
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Manufacturers of Super-Refractories Only 


REFRACTORY CRUCIBLES 
GRAPHITE CRUCIBLES 
HIGH-TEMPERATURE CEMENTS 
SPECIAL REFRACTORY BRICK, TILE, SHAPES 


From the Following Materials:— 
GRAPHITE ——— SILICON CARBIDE 
MAGNESIA 


ZIRCON 


LAVA CRUCIBLE-REFRACTORIES CO. 
PITTSBURGH, PA. 


FUSED ALUMINA —— MULLITE 


Printing 
Promotes 


THE CAYUGA PRESS 


113 E. Green St. 


Progress 


Ithaca, N.Y. Phone 2-2781 
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“It is what men bring with them in the way of 
character and adaptability and fresh ideas that 


“ Org anizations do not . enriches the organizational bloodstream and 


insures corporate longevity.” This is the ob- 


servation of Crawford H. Greenewalt, President 


make men of the Du Pont Company. 


In a lecture given in the past year at Columbia 
University, Mr. Greenewalt outlined his views 
on the role of the individual in the organization. 
“The Du Pont Company’s success over the last 
150 years,” he pointed out, “has come about in 
large part through devoted allegiance to two 
major themes . . . 


it is men who make’ 


“First, the realization that an enterprise will suc- 

ceed only to the extent that all individuals as- 
sociated with it can be encouraged to exercise 
their highest talents in their own particular way. 


“Second, the provision of maximum incentives 
for achievement, particularly in associating 
the fortunes of the individual to that of the 
corporation. 


“Men are not interchangeable parts, like pinion 
gears or carburetors. Individuals differ in ap- 
proach and method, and, to perform to best 
advantage, they must never be fettered to ap- 
proaches and methods not their own.” 


“Conformity” obviously takes a back seat here. 
As Mr. Greenewalt comments, “We conform as 
is necessary to good manners, good relationships 
and the highest use of individual talent. And 
bear in mind that these are strictures on be- 
havior, not on creative thought.” 


If you find this kind of atmosphere challenging 
it will pay you to explore career opportunities 
with Du Pont. 


5. pat. OFF 


BETTER THINGS FOR BETTER LIVING 
THROUGH CHEMISTRY 
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METAL 
INSULATION 
TAPE 
CONDUCTOR semi-CONDUCTING 


SHIELDING 
TAPE TAPE 


burning, corona, and lightning surges. 


YEARS 
EXPERIENCE 


CRESCENT 


HYVOLT SHIELDED POWER CABLE 


SHIELDING 

RUBBER- NEOPRENE 
FILLED SHEATH 
TAPE 

FOR MORE AMPERES PER DOLLAR OF INSTALLED COST 


CRESCENT HYVOLT insulation is made from butyl rubber which is_ inherently 
resistant to ozone, heat, moisture and aging with excellent electrical character- 
istics. For 5000 Volt or higher service, HYVOLT cables 
are provided with shielding to protect them from surface 


ae CRESCENT INSULATED WIRE & CABLE CO. 
TRENTON 5, N. J. 


C. Edward Murray, Jr. ‘14 


If you enjoy both writing and engineering, you'll 
want to talk to McGraw-Hill Publishing Co. 

To find out about a career in Engineering Journalism, 
sign up now with your Placement Office. 
Interviews will be conducted 
at Cornell University 
on Tuesday, February 24, 1959. 


See our advertisement elsewhere in this issue. 


.. McGraw-Hill 


McGRAW-HILL PUBLISHING CO., INC. 
330 WEST 42nd STREET, NEW YORK 36, N. Y. 


The Official Cornell Class Ring can be 
Purchased in Our Gift Department 
10K Solid Gold, Double-Faceted 
Synthetic Ruby 


Men‘s Medium Weight . 


Heavy Weight 


Miniature . 


(Tax Included) 


Order Your Class Ring Now! 


The Cornell Campus Store 
Barnes Hall 
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For Peaceful Purposes and the Benefit 


of All Mankind The National Aeronautics 


and Space Administration Announces 


its Authorization by the Congress 
of the United States 


To Direct and Implement U.S. Research Efforts 


In Aeronautics and the Exploration 


“The aeronautical and space activities of the United 
States shall be conducted so as to contribute materi- 
ally to one or more of the following objectives: 

(1) The expansion of human knowledge of phenom- 
ena in the atmosphere and space; 

(2) The improvement of the usefulness, performance, 
speed, safety, and efficiency of aeronautical and 
space vehicles; 

(3) The development and operation of vehicles capa- 
ble of carrying instruments, equipment, supplies 
and living organisms through space; 

(4) The establishment of long-range studies of the 
potential benefits to be gained from, the oppor- 
tunities for, and the problems involved in the 
utilization of aeronautical and space activities for 
peaceful and scientific purposes ; 

(5) The preservation of the role of the United States 
as a leader in aeronautical and space science and 
technology and in the application thereof to the 
conduct of peaceful activities within and outside 
the atmosphere; 

(6) The making available to agencies directly con- 
cerned with national defense of discoveries that 
have military value or significance, and the fur- 
nishing by such agencies, to the civilian agency 
established to direct and control nonmilitary aero- 
nautical and space activities, of information as to 


discoveries which have value or significance to 
that agency; 

(7) Cooperation by the United States with other 
nations and groups of nations in work done pur- 
suant to this Act and in the peaceful application 
of the results thereof; and 

(8) The most effective utilization of the scientific and 
engineering resources of the United States, with 
close cooperation among all interested agencies 
of the United States in order to avoid unnecessary 
duplication of effort, facilities, and equipment...” * 


The excitement, the importance, and the scope of 
the National Aeronautics and Space Administration 
are apparent, we believe, from our enabling act. 
Career opportunities at NASA are as unlimited as 
the scope of the organization itself. 


Please address your inquiry to the Personnel Direc- 
tor of any of the following NASA research centers. 
Your inquiry will be answered immediately, and 
will be treated in the strictest confidence. 


Langley Research Center, Hampton, Virginia 
Ames Research Center, Mountain View, California 
Lewis Research Center, Cleveland, Ohio 
High-Speed Flight Station, Edwards, California 


*Quoted from the National Aeronautics and Space Act of 1958. 
(Positions are filled in accordance with Aeronautical Research Scientist Announcement 61B) 


NA SA National Aeronautics and Space Administration 
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STRESS aud STRAIN... 


E.E.: “Are you the barber who 
cut my hair last time?” 

Barber: “I don’t think so; I’ve 
only been here six months.” 


Ah, pity the Stress and Strain editor, 
The man with the scissors and 
aste; 

Oh, think of the man who must 
read all the jokes 

And think of the time that he 
wastes. 

He sits at his desk until midnight, 

How worried and pallid he looks, 

As he scans through the college 
comics 

And reads all the comical books. 

This joke he can't clip—it’s too 
dirty. 

This story's no good—it’s too clean. 

This woman won't do—she’s too 
shapely. 

This chorus girl's out—it’s obscene. 

The jokes are the same; full ot 
Coeds 

And guys who get drunk on their 
dates, 

Bathtubs and sewers and freshmen, 

And stories of unlawful mates. 

Jokes about profs and the readers, 

Jokes about overdue bills, 

Jokes about girls in their boudoirs, 

And each one as old as the hills. 

Sprinkled with “damn,” “louse” and 
“hell,”* 

The blurbs must be pure but yet 
filthy 

Oh pity the man with the clipper, 

He’s only a pawn and a tool. 

In trying to keep his jokes dirty 
and clean 

He’s usually kicked out of school. 


Professor: A fool can ask more 
questions than a wise man can an- 
swer: 

Student: “No wonder so many 
students fail your exams.” 


Soph.: 
exam.” 

Jr.: “But I thought you had the 
answers written on your cuff.” 


Soph.: “Yeah, but by mistake I 
put on my calculus shirt.” 


“I failed my Physics 
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He: “There are an awful lot of 
girls who don't want to get mar- 
ried.” 

Him: “How do you know?” 

He: “I asked them.” 


In an effort to illustrate the value 
of non-technical electives for engi- 
neering students, the ConNELL EN- 
GINEER presents the following quo- 
tations from literary masters with 
accurate translations: 


On Imports: 

Shakespeare: “. . . an unlessoned 
girl, unschooled, unpracticed: 
Happy in this she is not yet so old 

But she may learn.” 
Merchant of Venice 
(Translation: A bit naive perhaps, 
but the gin will warm her up.) 


On Drinking: 
Thackeray: “Did ye iver try a 
brandy cocktail... ?” 
The Newcomes 
(Translation: Would you care for 
a glass of brandy? ) 
Shakespeare: “We'll teach you to 
drink deep ere you depart.” 
Hamlet 
(Translation: Would you care for 
a glass of scotch? ) 


Milton: “One sip of this—Will 
bathe the drooping spirits in 
delight—Beyond the bliss of 
dreams.” 

Comus 

(Translation: Would you care for 
a glass of champagne? ) 

Shakespeare: “Come, come, good 
wine is a good familiar crea- 
ture, if it be well used; exclaim 
no more against it.” 

Othello 

(Translation: What would you 
care for? ) 

(Alternative translation: You do 
drink, don’t you? ) 

(Second aiternative translation: 
What the hell do you expect to 
do all week-end? ) 

On Its Relation to the Academic 
Life: 

Francis Bacon: “Tis impossible to 

love and to be wise.” 
Essays: Of Love 

(Translation: He who parties it up 
too much busts out too soon. ) 

Byron: “Let us have wine and 
women, mirth and laughter, 

Sermons and soda-water the day 
after.” 
Don Juan 

(Translation: Francis Bacon is a 
square. ) 


Dick Reif 


“I'm NOT crazy—I keep falling off the other way!” 
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PHOTOGRAPHY AT WORK—No. 25 in a Kodak Series 


Nuclear reactor vessel for 
Shippingport, Pa. power plant 
designed by Westinghouse 
Electric Co. under contract with 
the A.E.C. for operation by 
Duquesne Light Company. 


Where atoms turn into horsepower 


Photograph showing patterns of 
stress concentration. It was taken 
of a plastic model of a reactor 
vessel loaded to simulate the strains 
a real reactor vessel would undergo. 


Radiographs of the reactor vessel 
welds were made with a 15,000,000- 
volt betatron. Every bit of the 
special steel, every weld had to be 
proved sound and flawless. 


EASTMAN KODAK COMPANY, Rochester 4, N.Y. 


Combustion Engineering designed and built this *couldn't- 


be-done” reactor vessel for America’s first full-seale 


nuclear power station. And photography shared the job of 


testing metals, revealing stresses and proving soundness. 


unusual—even unique— 
problems faced Combustion 
Engineering in creating this nuclear 
reactor vessel. Nine feet in diameter 
with walls 8*2 in. thick, it is 235 tons 
of steel that had to be flawless, 
seamed with welds that had to be 
perfect. And the inner, ultrasmooth 
surface was machined to dimension 
with tolerances that vie with those 
in modern aircraft engines. 

As in all its construction, Combus- 
tion Engineering made use of 
photography all along the way. Pho- 


tography saved time in the drafting 
rooms. It revealed where stresses 
and strains would be concentrated. 
It checked the molecular structure 
of the steel, showed its chemical 
make-up. And with gamma rays it 
probed for flaws in the metal, imper- 
fections in the welds. 

Any business, large or small, can 
use photography in many ways to 
save time and money. It can go to 
work in every department— design, 
research, production, personnel, 
sales, and accounting. 


. CAREERS WITH KODAK 
* With photography and photographic processes becoming increasingly 
* important in the business and industry of tomorrow, there are new 

e and challenging opportunities at Kodak in research, engineer- 
ing, electronics, design and production. 

a If you are looking for such an interesting opportunity, write 
* — for information about careers with Kodak. Address: Business 

: and Technical Personnel Dept., Eastman Kodak Company, 

. 


Rochester 4, N. Y. 
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One of a series 


General Electric interviews 


Dr. Richard Folsom, President of 


Rensselaer Polytechnic Institute, 


to explore... 


Teaching— 
A Career Opportunity 
For the Engineer 


Leading educators, statesmen and in- 
dustrialists throughout the country are 
greatly concerned with the current 
shortage of high-caliber graduates who 
are seriously considering a career in the 
field of science or engineering educa- 
tion. Consequently, General Electric has 
taken this opportunity to explore, with 
one of America’s eminent educators, the 
opportunities and rewards teaching of- 
fers the scientific or engineering student. 
Q. Is there in fact a current and con- 
tinuing need for educators in technical 
colleges and universities? 

A. Colleges and universities providing 
scientific and engineering educational 
opportunities are hard pressed at the 
present moment to obtain the services 
of a sufficient number of well-qualified 
teachers to adequately carry out their 
programs. Projected statistical studies 
show that this critical need could ex- 
tend over the next 15 or 20 years. 

Q. Why is this need not being met? 

A. There are probably three main rea- 
sons. These might be classed under con- 
ditions of financial return, prestige as- 
sociated with the position, and lack 
of knowledge and understanding on the 
part of the college student of the ad- 
vantages and rewards teaching as a 
career can afford. 

Q. What steps have been taken to make 
education a more attractive field to en- 
gineering students? 

A. Steps are being taken in all areas. 
For example, we have seen a great deal 
in the newspapers relating educators’ 
salaries to the importance of the job 
they are doing. Indications are that 
these efforts are beginning to bear fruit. 
Greater professional stature is being 
achieved as the g eral public under- 
stands that the youth of our nation is 
the most valuable natural resource that 
we possess ... and that those associated 
with the education of this youth have 


one of the most important assignments 
in our country today. 

Q. Aside from salary, what rewards can 
a career in education offer as opposed 
to careers in government or industry? 
A. The principal rewards might be free- 
dom to pursue your own ideas within 
the general framework of the school, in 
teaching, research and consulting activ- 
ities. As colleges and universities are 
normally organized, a man has three 
months in the summer time to engage 
in activities of his own choice. In addi- 
tion, the educator is in direct contact 
with students and he has the satisfac- 
tion of seeing these students develop 
under his direction ... to see them take 
important positions in local and na- 
tional affairs. 

Q. What preparation should an en- 
gineering student undertake for a teach- 
ing career? 

A. In college, the engineering student 
should obtain a basic understanding of 
science, engineering science, humanities 
and social sciences with some applica- 
tions in one or more professional en- 
gineering areas. He should have fre- 
quent career discussions with faculty 
members and his dean. During graduate 
work, a desirable activity, the student 
should have an opportunity to do some 
teaching. 

Q. Must an engineering student obtain 
advanced degrees before he can teach? 
A. It is not absolutely necessary. On the 
other hand, without advanced degrees, 
advancement in the academic world 
would be extremely difficult. 


Q. How valuable do you feel industrial 
experience is to an engineering or scien- 
tific educator? 


A. Industrial experience for a science 
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educator is desirable; however, with a 
senior engineering educator, industrial 
experience is a “must”. An ideal en- 
gineering educator should have had 
enough industrial experience so that he 
understands the problems and responsi- 
bilities in carrying a project from its 
formative stages to successful comple- 
tion, including not only the technical 
aspects, but the economic and personal 
relationships also. 

Q. What do you consider to be the op- 
timum method by which an educator can 
obtain industrial experience? 

A. There are many methods. After 
completion of graduate school, perhaps 
the most beneficial is a limited but in- 
tensive work period in industry. Con- 
sulting during an academic year or 
summer is a helpful activity and is 
desirable for older members of the 
staff. Younger educators usually need 
experience in “living with the job” 
rather than providing consultant’s ad- 
vice to the responsible individual. 

Q. Based on your experience, what per- 
sonal characteristics are possessed by 
successful professors? 

A. Primarily, successful professors have 
an excellent and growing knowledge of 
their subjects, are interested in people, 
and transmit enthusiasm. They have an 
ability to explain and impart informa- 
tion with ease. They generate ideas and 
carry them out because they are de- 
voted to developing their fields of 
knowledge. They desire personal free- 
dom and action. 

For further information on challenging 
career opportunities in the field of 
science and engineering education, write 
to: Mr. W. Leighton Collins, Secretary, 
American Society for Engineering Educa- 
tion, University of Illinois, Urbana, Ill. 
959-10 
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